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Field of the Invention 

The present invention relates to fragments of ML-IAP (livin) and a therapeutic vac- 
cine comprising one or more ML«IAP polypeptide fragments. The vaccine ran be 
10 used for prophylactic. ameliorE^ng and/or curafive treatment of e.g. cancers and 
autoimmune diseases. 

Background of the Invention 

15 It is well established that peptide epitopes derived from human tumor-associated 
antigens fTAA) can loe recognized by cytotc»dc T lymphocytes (CTL) In the context 
of MI-IC molecules ^ and that most - if not ail - tumors express such antigens. Con- 
sequently, exciting clinical eflbrts are ongoing to terget these TAA in strategies such 
as vacctnafion and adoptive T cell therapy In order to generate effective anti-tumor 

20 CTL responses In patients 

For melanoma^ the tumor for which the largest number of CTL defined TAA have 
been €:haraclerized, powerful CTL responses against antigens have been induced 
by vaccination and some patients have experience a complete riemlssion of their 
25 disease 

However, hnmunoselectlon of antigen loss variants can be a serious obstacle for the 
curative potential of most of the known CTL epitopes in clinical oncology, and the 
selection of antigen deficient mutant tumors Is a well-recognized limitatiCHi In there* 
30 peutic strategies when targeting antigens that do not have a role In cancer growth, 
(Jager et aU isgr. Thumer et al., 1 999. Yee et al, 1986). The reason is that most ' 
characterized peptides are derived from polypeptides, which are not essential for the 
survival of the tumor cell. Thus, if powerful CTL responses are induced against 
these peptidG antigens by therapeutical 'measures such as vaQcinations, tumor cells 
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lacking the expression of the targeted antigen are very niceiy to escape the raised 
immune responses H 

There is a need far mora effldenl therapeutical vacdnes and nnproved methods of 
5 treatment of cancer and autoimmune diseases. 

Summary of the Invention 

The therapeutical application of tumor antigens the expression of which te essential 
10 for the survival of tumor cells represents a strategy for cancer treatment tiy prevent- 
ing antigen loss variants from emerging due to Immunoseledion, particularly during 
Immune therapy. 

The Inhibitor of apoptosis protein (I AP) family represents one example of tumor 
1 5 antigens the expression of which is essential for the survival of tumor cells. lnhlt>ition 
of apoptosis both enhances the survival of cancer cells and prevents the cancer 
c^ls from escaping from Immune surveillance and cytotoxic therapies. 

• 

A number of different lAPs have been described. Their different expres^on patterns 
20 suggest an organ-specific role in promoting cell sun/ival during development and 
tissue homeostasis. While X-IAP, C-IAP1 and C-IAP2 are relatively ubiquitously 
expressed, survivin is expressed only In fetal and tumor tissues. 

The Inhibitor of apoptosis polypeptide IML-IAP has a rather selective expression 
25 pattem, as it Is predominantly detected In melanomas and a few other tissues 
The only other lAP with well-documented expression in melanoma is survivin. 

ML-IAP can be detected In the majority of melanoma cell lines tested but not In nor- 
mal melanocytes ^. Melanoma cell lines with high levels of IVIL-IAP are more resls- 
30 tant to dnjg-lnduced apoptosis than are nomial primary melanocytes. Thus, ML-IAP 
might be a cnbcal cellular factor and increased expression levels of ML-IAP confer 
resistance to apoptotic stimuli thereby contributing to the pathogenesis and pro- 
gression of malignant melanomas. 
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The polypeptide ML-IAP inhibits apoptosis and cell death Induced by death recep- 
tors and chemotherapeutic agents can thus be expected to be hampered by expres- 
sion of ML-iAP. 

5 Aoooitfingly.etevated expression of ML-IAP renders riielanania cells rsdstant to 
apoptotic stimuli and thereby poienGatly cordrlbutes to the pathogenesis of this ma- 
lignancy. 

The present invention demonstrates that T-celis infiltrating the tumor environment or 
10 drculating In the peripheral blood of melanoma patients spedflcally recognize ML- 
IAP derived peptides. Thus. ML-IAP is on the one hand important for the survival of 
the cancer cell and on the other hand a target tor hnmundogicai effector ceils. 

The present invention is in one aspect directed to fragments of ML-IAP (SEQ ID 
1 5 NO:1) capable of eliciting a speeifio T-cell response. 

In another preferred aspect the present invention Is directed to a ttierapeutic vaccine 
comprising ML-IAP (SEQ ID N0:1). and/or one or more fragments of ML-IAP (SEQ 
ID NO:1) capable of eliciting a specific T-cett response, including a response Involve 
20 ing the activation of cytotoxic T-oelb and/orT helper CTh> cells. The vaccine compo- 
siflon preferably further eompiises an ac^uvant and/or a carrf^. 

In yet another aspect there is provided a phamiaceutical composition comprising 
ML-IAP (SEQ ID NO:i), and/or one or more-fragments of ML-IAP (SEQ ID NO:1) 
25 capable of eliciting a specific T-cell response, including a response involving the 
acavatlon of cytotoxic T-oeDs and/or T helper (Th) cells, and a bloactiv? compound 
selected from the group consisting of a chemotherapeutic agent, an immuno- 
therapeuHc agent, and a second cancer vaccine composition. The pharmaceutical 
composition can further comprise an adjuvant and/or a carrier 

30 

In a still further aspect of the invention there is provided a kit-of-parts comprising 
ML-IAP (SEQ ID NO;1), and/or one or more fragments of ML-IAP (SEQ ID NO:1) 
capable of eliciting a specHic T-cell response, including a response invotving the 
activation of cytotoxic Th»IIs and/or T helper (Th) ceils, and a bioactfve compound 
35 selected from the group consisting of a chemolherapeullc agent, an immuno- 
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therapeutic agent and a second cancer vacdne composition, wherein the one or 
more fragments of IWL-IAP (SEQ ID NO:l) capable of elidUng a speciftc T^il re- 
sponse and the bloacUve compound selected from the group consisting of a che- 
motherapeutic agent, an immunotherapeutic agent, and a cancer vaccine can be 
administered simuftaneousiy. or sequentially m any order. The kit-of-parts can op- 
tiofwlly compnse a manual comprising information on the dosage regime or the ad- 
ministration of the IWL-IAP fragment end the bloaetive compound. 

In yet another aspect of the invention there is provided a method for treatment of a 
human or animal body, wherein said method comprises the step of administering to 
an mdividual in need of said treatmem the phamiaceutlcal composWon or the com- 
ponents of the kit-of-parts according to the Invention. 

In a stlB further aspect of the Invention there is provided the use of a fragment of ML- 
lAP .n the manufacture of a vaccine composition capable of raising a specific T-cell 
response in an individual to which the vaccine composition has been administerad. 

in yet another aspect of the invention ihere is provided the use of a fragment of ML- 
lAP in combination with a bloacBve agent in the manufacture of a phamiaceutlcal 
composition for traatment of a cancer and/or an auto-immune disease in an indh«d- 
ual m need of sakf treatment 

in a Still turtheraspect of the invention Ihere is provided a method for activating and 
expanding T-cells specific for ML-IAP or flag«r,ents tiiereof. saKl method comprising 
ttie steps of co-cultivating T-cells and IWL-IAP. and/or at least one fragment theraof. 
ttjereby activating the T-cells. and relating activated IWHAP specific T^iis and/or 
ML-IAP fragment speciflc T-cells. 

In yet another aspect of the lm«n«on there ie provided a metiiod for treating an indi- 
vidual diagnosed with a cancer, or at risk of developing a cancer, eaki metiiod com- 
pnsing the steps of administering to said Individual at least one isolated and acti- 
vated ML-IAP specific T-ceJl. and/or at least one isolated and activated iWL-iAP 
fragment speciflc T-cell. 
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Brief Oescrfption of the Rgures 

Roure 1 

T-<»n response against the ML-lAP^ (QLCPICRAPV) peptide as measured in an 
ELISPOT in PBL from the melanoma patient FM3 (A) or FM72 (B) and in TIL from 
•the melanoma patient PM9 (C> or FM72 (D). T-lymphocytes were stimulated once 
with peptide before plated at 3x10» cells per well in duplicates either without or with 
peptide. The average numtjer of peptide specific spots (after subtraction of spots 
without added peptide) was calculated for each patient using a CCD scanning de- 
10 vice and a computer system (E). 

T^l response as measured In ELISPOT against the peptides ML-IAP^, (QLCPH 
CRAPV). MLIAP«s (RLQEERTCKV). MUAP.3„ (VLEPPGARDV). and MLIAPoo 
(Rl^FYDWPL) In TIL samples from nine patienis and in PBL from two patients T- 
lymphocyles were stimulated once with peptide before plated at 3x10» cells per weU 
in duplicates either «„ thout or with peptide. THe average number of peptide specHIc 
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spots (after subtraction of spots without added pepUde) was calculated for each pa- 
tient using a CCD scanning device and a computer system. 

Detailed Oescrtpfion of the Invention 
* Prefened embodimente of the present invention is disclosed herein below. 
gmqments of ^,p-,AP and ther^pe,rtir.| ynnin. ^^^^ 

in pn^rred embodiments the present Invention Is directed to fragments of IVIL-IAP 
and therepeubcal vaccine compositions comprising one or more fragments of ML- 
Zn^r. ^'^'''^ -n^e vaccine composition can further 

full length IWL-IAp(SEQ ID NO;1) Is also provided. 

Preferred fragments of consecutive ML-IAP amino add residues according to the 
present .nvention are listed herein below. The fragments can be selected frem the 
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sequence of amino acid residues of fufl length MP-IAP Hsted herefn betow as Seq 
IDNO:1: 

mgpkdsakcl hrgpqpshwa agdgptqerc gpislgapvl gldtcrawdh vdgqitgqir piteeeeeeg 
agatlsrgpa fpgmgseelr lasfydwpH aevppellaa agfflitghqd kvrcffcygg Iqswkrgddp 
wlhakwfpsc qfllrskgrd fvhsvqeths qligswdpwe epedaapvap svpasgypel ptprrevqse 
saqepggvsp aeaqrawvwl eppgardvea qfrtqeert ckvddravs Ivfvpcghlv caecapglql 
cplcrapvrs rvrtns (SEQ.ID N0:1}. 

Fragments comprising a sequencexrf 9 oonsecutiva amino acid residues of IWL-IAP 

The present Invention in one preferred emlK>dlment is directed to fragments of lyflP- 
lAP comprising at least 9 consecutive amino acid residues and vaccine composi- 
Horis comprising fragments of MP-IAP comprising at least 9 consecutive amino add 
residues, including the fragments listed herefn below: 

mgpkdsakc (SEQ ID NO:2); gpkdsakd (SEQ ID N0.-3): pkdsakdh (SEQ ID NO-4)- 

So !n "^-'^^ '° ^^^^ <«E<5 NO:7); 

akclhrspq (SEQ ID NO:8): kdhrgpqp (SEQ ID NO:9);.cIh,gpqps (SEQ ID NQ-IO)- 

^rgpqpsh (SEQ ,D NO.H,; hrgpqpshw (SEQ ID NO:12): ^pqpsh^^ (SEQ ID 

(SEQ ID NO:i6); pshwaagdg (SEQ ID NO:i 7); shwaagdgp (SEQ ID NO-18)- 
hwaagdgpt (SEQ ID NO:19); waagdgptq (SEQ ID NO:20): aagdgptqe (SEQ ID 
NO:21 : agdgptqer (SEQ ID NO:22): gdgptqero (SEQ ID NO:23): dgptqe,^ (SEQ ID 
NO:24); gptqen:gp (SEQ ID NQ:25); ptqercgp. (SEQ ID ND:26,; tqe,^p^(SEQ .D 

mqI? ''"^r ''''' '° '^•■''^^ ^"^^"'^ '^^^ '"^ '^°^^^>= (^EQ ID 

NO.30 . cgprelgsp (SEQ ID N0:31): gprslgspv (SEQ ID NO:32): prslgspvl (SEQ ID 

NO:3^; rslgspvte (SEQ ID NO:34); slgspvlgl (SEQ ID NO:35); igspvlgld (SEQ ID 

NO:3e^;gspvte.d,(SEQ,DNO:37):spvlg,dtc 

NO:39): vlgld.c« (SEQ ID NO:40): lgldtc,aw.(SEQ ID N0:41); gidtcrawd (SEQ ID 
NO:42 ; Idtcrawdh (SEQ ID NO:43,: du««wdhv (SEQ ID NO:44K tcrav««wd (SEQ ID 

ID Na48 : wdhvdgqll (SEQ ID NO:49); dhvdgqilg (SEQ ID NO:50): hvdgql^q (SEQ 

1 ; Ty ''''' ''''''''''' ''''''''' ^^••^^>^ (S^Q 

N0.54); qllgqirpi (SEQ ID NCSS); Bgqlrplt (SEQ ID NO:56): tgqirplte (SEQ ID 
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NO:57): gqlipltee (SEQ ID NO:58): qtrplteee (SEQ ID NO:69): Irptteeee (SEQ ID 
NO:60): rplteeeee (SEQ ID NO:61): pHeeeeee (SEQ ID NO:62): Iteeeeeeg (SEQ ID 
NO:63): teeeeeega (SEQ ID NO:64): eeeeeegag (SEQ ID NO:65): eeeeegaga (SEQ 
ID N0:66): eeeegagat (SEQ ID NO:67): eeegagaU (SEQ ID NO:68): eegagatte (SEQ 
ID NO:69): egagatlsr (SEQ ID NO:70):.gagattsrg (SEQ ID NO:71)ragaUsrgp (SEQ 
ID NO:72): gaUsrgpa (SEQ ID NO:73): atteigpaf (SEQ ID NO:74): tisrgpafp (SEQ ID 
NO:75); Isrgpafpg (SEQ ID MO:76); srgpafpgm (SEQ ID NO:77); rgpafpgmg (SEQ 
ID NO:78): gpafpgmgs (SEQ ID NO:79); pafpgmgse (SEQ ID NO:80); alpgmgsee 
(SEQ ID NO:81); fpgmgseel (SEQ ID Na82): pgmgseeir (SEQ fD NO:83V 
gmgseelrl (SEQ ID NO:84): mgseeina (SEQ ID NO:85): gseelrias (SEQ ID NO'86)- 
. seelrlasf (SEQ ID NO:87): eerrfasfy (SEQ ID NO:88): elHaslyd (SEQ ID NO-89V ' 
Maslydw (SEQ ID NO:90); riaslydwp (SEQ ID NO:91): iasfydvwpl (SEQ ID NO MV 
a^d^^lt (SEQ ID NO:93): slydwplta (SEQ ID NO:94); fydwpltae (SEQ ID NO:05)- 

y^Ilaev (SEQ ID ^KD:96); d««p,,aevp (SEQ ID NO:97): v^ltaevpp (S^ 
Pitaevppe (SEQ ID NO:99,; Iteevppe, (SEQ ID IMO:100); taavppr(L ID no^^^^^^^^ 
aevppe„a(SEQIDNO:102,:.vpp^ 

DNQ:1l0^aa^^^ 

(SEQ ID NO:113,; ffhtghqdK (SEQ ID N0:1i4,; fhtghqdKv (SEQ ID NQ 115^ 

l l «^Slqs (SEQ ID NO:i26); fcyg^qs- 

(SEQ^ NO:127): cygglqswk (SEQ ID NQ:128); ygglpswKr (SEQ ID Nai29) 

(TeQ^N^4\T?S!^'^''°^^''^=^ 

(SEQ ID NO:143); hakwl^soq (SEQ ID IMO:l44); akwfpscqf (SEQ ID N0 145) 
kv^scqfl (SEQ ID NQ:146K wfpscqfl, (SEQ ID NO:147):TpsU.r (SEQ^D NQ-148,. 
p^q^lrs (SEQ ID NO:149); scqf«.K (SEQ ,D NO:150k cq^g (SE^li Nais? 

fcskgrdlv (SEQ ID NO:155); rskgrdlvh (SEQ ,D NO:156): skg«llvhs (SEQ ID 
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NO:157): kgrdfvhsv (SEQ ID NO:15a): grdMisvq (SEQ ID NO:159): rdMisvqe {SEO 
ID NO:160): dfvhsvqet (SEQ ID NO:iei): fvhsvqeth (SEQ ID NO:162): vlisvqeihs 
(SEQ ID NO:163): hsvqethsq (SEQ ID NO:164): svqelhsql (SEQ ID NO:165); 
vqethsqll (SEQ ID NO:166): qethsqUg (SEQ ID NO:167); ethsqllgs (SEQ ID ' 
NO:16a); thsqllgsw (SEQ ID NO:169); hsqilgswd (SEQ ID NO:170); sqllgswdp (SEQ 
ID NO:17l): qugsvwdpw (SEQ ID NO:172); llgswdpwe (SEQ ID NO:173); Igswdpweo 
(SEQ ID NO:174): gswdpweep (SEQ ID NO:175): swdpvweepe (SEQ ID NO-176)- 
wdpweeped (SEQ ID NO:177): dpwaepoda (SEQ id N0:17B); pweepedaa (SEQID 
NO:l79): weepedaap (SEQ ID NO:180): eepedaapv (SEQ ID NO:l81): epedaapva 
(SEQ ID NO:182): pedaapvap (SEQ ID Nai83): edaapvaps (SB3 ID NO:184)- 
daapvapsv (SEQ ID NO:185); aapvapsvp (SEQ ID NO:l8e): apvapavpa (SEQ ID 
NO:187): pvapsvpas (SEQ ID NO:188): vapsvpasg (SEQ ID NO:189): apsvpasgy 
(SEQ ID NO:190): psvpasgyp (SEQ ID NO:191): svpasgype (SEQ ID N0:192)- 
vpasgypel (SEQ ID NO;193): pasgypelp (SEQ ID NO:194); asgypelpt (SEQ ID 
NO:195): sgypeffrtp (SEQ ID NO:196); gypefplpr (SEQ ID N0.197); ypelptprr (SEQ 
ID NO:198); palptprrs (SEQ ID NO:199): elptprrav (SEQ ID NO:200): Iptpaevq (SEQ 
D NO:201): Ptprravqs (SEQ ID NO:202): tprmvqse (SEQ ID NOa03): prtBvqsea 
(SEQ ID NO:204); rrevqsesa (SEQ ID NO:205>: revqsesaq (SEQ ID NO-206)- 
evqse^qe (SEQ ID NO:207); vqsesaqep (SEQ ID NO:208): qsasaqapg (SEQ ID 
NO^09): sesaqepgg (SEQ ID NO:210): esaqepggv (SEQ ID NO:211); saqepggvs 
(SEQ ID NO:212); aqepggvsp (SEQ ID NO:213): qepggvspa (SEQ ID NO:214)- 
^g^^pae (SEQ ID NO:215>: pggvspaea (SEQ ,D NO:2ie); ggvspaeaq (SEQ 'iD 

(SEQ ID NO:220): paeaqravw (SEQ ID NO-^1); aeaqrawwv (SEQ ID NO-222)- 
eaqrawwvi (SEQ ID NO:223); aqrawwvls (SEQ ID NO:224); q«wwvtep (SEQ ID 
N0^25): rawwvlepp (SEQ ID NO:226); a^^Iappg (SEQ ID NO:227): v^wleppga 
(SEQ ID NO:228): wvieppgar (SEQ ID NO:229>; vieppgard (SEQ ID NO:230V 

T^T '° "^^^^^ PPgar*.ea (SEQ 'iD 

Pganlvaaq (SEQ ID NO:234,: gardveaqi (SEQ id nO:235): ardveaqlr 
(SEQ ID NO:236): nJvcaqlrr (SEQ ID NOaST); dveaqirri (SEQ ID NO:238): vaaqlrrtq 

SEQ ID NO:242): Irrlqeert (SEQ ID NO:243): rrlqeertc<SEQ ID NO.-244): rtqeertck 
(SEQ ID NO:245): Iqeertckv (SEQ ID NO:246): qaartckvc (SEQ ID NO SAT)- 
eartckvcl (SEQ iD NO:248); ertckvcld (SEQ ,D NO:249): rtckvddr (SEQ ID NO:2S0)- 
tekvcldra (SEQ ID NO:251); ckvddiBv (SEQ ID NO:262); kvddmvs (SEQ ID 



10 



'03 11:02 PAJC flS 49320384 



HOIBERG A/S 



■» PATBNT-06 VARBM @011 



P734DK00 



9 



Na253): vddravsi (SEQ ID NO:254): ddravsiv (SEQ ID NO:255): Idravslvf (SEQ ID 
NO:256); dravsMv (SEQ ID NO:257): ravsIvfVp (SEQ ID NO:25B): avsMvpe (SEQ 
ID NO:259): vsivfvpcg (SEQ ID NO:260): 6ivfvpcgh (SEQ ID NO:261): ivfvpcghl 
(SEQ ID NO:262): vfvpcghlv (SEQ ID NO:263): fvpcghlvc (SEQ ID NO:264); 
6 vpcghlvca (SEQ ID NO:265); pcgWvoa© (SEQ ID NO;266); cghlvcaeo (SEQ ID 
NO:267): ghlvcaeca (SEQ ID NO:268): hivcaecap (SEQ ID Nb:269); Ivcaecapg 
(SEQ ID NO:270): vcaecapgl (SEQ ID NO:27l): caecapglq (SEQ ID NO:272); 
aecapglql (SEQ ID NO:273): ecapglqlc (SEQ ID NO:274): capglqicp (SEQ ID 
NO:275): apglqfcpl (SEQ ID NO:276); pgiqicpic (SEQ ID NO:277); glqicpicr (SEQ ID 
10 NO:278): Iqicpicra (SEQ ID NO:279): qlcplcrap (SEQ ID NO:280): Icpicrapv (SEQ ID 
NO:281); cpicrapvr (SEQ ID NO:282): picrapvrs (SEQ ID NQ:283): Icrapvrsr (SEQ 
ID NO:284); crapvrsrv (SEQ ID NO:285): rapvreivr (SEQ ID NO:286): apvisrvrt 
(SEQ ID NO:287): pvrsfvrtf (SEQ ID NO:288); vrsivrtfl (SEQ ID NO:280): rervrtRs 
(SEQIQNO:290}. 
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In one embodiment of the present Invention the fragment (s prefeiably not SEQ ID 
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Fragments pomprlsinq a seauenea of in rft n seeutlve amino add rasldija« »y | y|i jAp 

The present invention also relates to fragments comprising or consisting of 10 con- 
secutive amino add residues of MP-IAP (SEQ ID NO:1), such as e.g. the 10 most 
N-terminal amino add residues of SEQ ID NO:1. 1.e. mgpkdsakci (SEQ ID NO:291). 
as well as vaccine oomposltions comprising such fragments. Additional fragments 
comprising or consisting of 10 consecutive amino add residues of MUAP can thus 
be obtained In the following way: 



selecUng any one of the above fragments defined by SEQ ID NO:3 to SEQ ID 
NO-.289 fi.e. a fragment listed abovo defined by SEQ ID NO:N, wherein N is an Inte- 
30 ger larger than 2 and smaller than 290), and 

adding fhe Ctermlnal amino add residue of SEQ ID NO:N+1 to the C-terminal 
dmino acid residue of the fragment selected In step |). 
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in one embodiment of the present Inveijtion the fragment Is preferably not SEQ lO 
299. ' 

{fraqmentB comprisinq a sentience nf 11 mn s ecutiva amr,^ ^ ^dd raaidiies of ML-lAp 

The present Invention also relates to fragments comprising or consisting of 1 1 con- 
secutive amino add residues of MP-IAP (SEQ ID NO:1). such as e.g. the 11 most 
N-tennlnai amino add residues of SEQ ID NO:1. i.e. mgpkdsakdh (SEQ ID 
NO:292). as well as vaccine compositions comprising such fragments. Additional 
fragments comprising or consisUng of 11 consecutive amino add residues of ML- 
lAP can thus bo obtained In the following way. 

selecting any one of the above fragments defined by SEQ ID NO:3 to SEQ ID 
NO:288 (i.e. a fragment listed above defined by SEQ ID NO:N. wherein N is an inte^ 
ger iaiger than 2 and smaller than 289), and 

adding the 2 most C-tenninal amino add residues of SEQ ID NO:N+2 to the C- 
taimlnal amino add residue of the fragment selected in step i). 

BaqmentS mmni^\T^^ a seguenre of 12 cnr^^,^ .^ gmlno aeiri r^ .„^ ^ 



ML.IAP 



The present invention also relates to fragments comprising or consisting of 1 2 con- 
secutive amino add residues of MP-IAP (SEQ ID |^0:1). sudi as e.g. the 12 most 
N-tem.nal amino add residues of SEQ ID NO:i. |.e. mgpKdsakdhr (SEQ ID 
N0.293). as well as vacdne composllions comprising such fragments. Addibonal 
ftagments comprising or consisting of 12 consecuHve amino add residues of ML- 
lAP can thus be obtained In the following way: 

fleeting any one of the above fragments defined by SEQ ID NO:3 to SEQ ID 
NO:287 O.e. a fragment listed above defined by SEQ ID NO:N. wherein N is an inte- 
ger laiger than 2 and smaller than 288). and 

adding the 3 most Ctemiinal amino acid residues of SEQ ID NO:N*3 to the C- 
teiminal amino add residue of the fragment selected in step I). 
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Fragments comprisInQ a SQQuence of 13 consecutive amino acid residues of ML-IAP 

The present Invention also relates to fragments comprising or consisting of 13 con- 
secutive amino add residues of MP-IAP (SEQ ID NO:1). such as e.g. tha 13 most 
N-tennirtial amino add residues of SEQ ID NO:1. i.e. mgpkdsakdhrg (SEQ ID 
NO:294). as well as vaccine composittons comprising sucti fragments. Additional 
fragments comprising or consisting of 13 consecutive amino add re^dues of ML- 
lAP can thus generally be obtained in the following way: 

selectiag any one of ttie above fragments denned by SEQ ID NO:3 to SEQ ID 
NO:286 (i.e. a fragment Hsted above defined by SEQ ID NO:N, wherein N is an Inte- 
ger larger than 2 and smaller than 287), and 

adding the 4 most C-tennlnal amino acid residues of SEQ ID NO:N+4 to the C- 
lemtinal amino acid residue of the fragment selected In step I). 

Fragments comt)risina a seouenc^ or 14 consecuti ve amino acid residues of MUIAP 

The present Invention also relates to fragments comprising or consisting of 14 con- 
secutive amino add residues of MP-lAP (SEQ ID NO:1 J, such as e.g. the 14 most 
N-temninal amino add residues of SEQ ID NO:1 , I.e. mgpkdsakdhrgp {SEQ ID 
NO:2g5), as well as vaccine compositions comprising such fragments. Additional 
fragments comprising or consisting of 14 consecutive amino add residues of ML- 
lAP can thus generally be obtained in the following way: 

selecting any one of the above fragments defined by SEQ ID NO:3 to SEQ ID 
NO;285 (I.e. a fragment listed above defined by SEQ ID NO:N, wherein N Is an Inte- 
ger larger than 2 and smaQer than 286), and 

adding the 5 most C-termlnal amino add residues of SEQ ID NO:N+5 to the C- 
tenriinal amino add residue of the fragment selected In step i). 
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Fraqmente comprisInQ a seauenea of 1S consecuBve amino acid residues of ML-IAP 

The present Invention also relates to fragments comprising or condsting of 15 con- 
seculive amino add residues of MP-IAP (SEQ ID NO:1), such as e.g. the 15 most 
5 N-terminal amino acid residues of SEQ ID N0;1 . i.e. mgpkdsakclhrgpq (SEQ ID 
NO:296), as well as vaccine composlttons comprising such fragments. Additional 
fragments comprising or consisting of 16 consecutive aminaacid residues of ML- 
IAP can thus generally be obtained in the folbwing way: 

10 selecting any one of the above fragments defined by SEQ ID NO:3 to SEQ ID 

NO:284 (l.e. a fragment listed above defined by SEQ ID NO:N. wherein N Is an inte- 
ger larger than 2 and smaller than 285). and 

adding Oie 6 most Otennlnal amino add residues of SEQ ID NO:N+6 to the C- 
15 tenninal amino add residue of the fragment selected In step!). 

Accordingly, for any of the above fragments of MUAP comprising or consisting of 
from 10 to 15 consecutive amino add residues of ML-IAP. N Is an integer of from 3 
to preferably less than 290. such as 4. 5. 6. 7. 8. 9. 10, 11. 12. 13. 14. 15. 16. 17. 
18. 19. 20. 21. 22, 23. 24. 25. 28. 27. 28. 29. 30. 31. 32. 33. 34. 35, 36. 37. 38. 39. 
40. 41. 42. 43. 44. 45. 46. 47. 48. 49. 50. 51. 52. 53. 54. 55. 56, 57, 58. 59. 60. 61. 
62. 63. 64. 65. 66. 67. 68. 69. 70. 71. 72. 73. 74, 76. 76. 77. 78. 79. 80. 81. 62, 83. 
84, 85, 66. 87, 88. 89, 90, 91, 92, 93, 94. 95, 96. 97. 98, 99. 100, 101. 102. 103. 
104. 106, 108. 107, 108, 100. 110. 111. 112. 113. 114, 115. 116. 117. 118. 119 
120. 121. 122. 123. 124. 125. 126. 127. 128. 129, 130, 131. 132. 133. 134. ISs! 
136. 137. 138, 139, 140. 141. 142. 143, 144. 145. 146, 147. 148. 149. 150. 151. 
152. 153. 164. 155. 156. 157. 158, 159. 160. 161. 162, 163. 164. 165. 168, 167.' 
168. 169, 170, 171, 172. 173. 174, 175, 176, 177, 178, 179. 180. 181, 182, 133! 
184. 185, 186. 187. 188, 189. 190, 191, 192. 193, 194. 195, 196. 197. 108. 199, 
200, 201, 202, 203. 204. 205. 208. 207. 208. 209, 210. 211. 212, 213. 214. 2isi 
216. 217. 218. 219, 220, 221, 222, 223. 224. 225. 226. 227. 228. 229, 230. 231. 
232. 233, 234. 235. 236, 237. 238. 239, 240, 241. 24:2. 243. 244. 245. 246. 247. 
248. 249. 260, 251. 252. 253, 254. 255. 256. 257; 258. 259, 260. 261. 262. 263. 
264. 265. 266. 267, 268, 269. 270. 271, 272, 273, 274, 275, 276, 277. 278. 279. 
280, 281, 282, 283, 284 (fragments comprising or consisting of 15 or less eonsecu- 
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Bve amino add residues of ML-IAP). 285 (fragments comprising or oonsfeting of 14 
or less consecutive amino acid residues of ML4AP). 286 (fragmeiits comprising or 
consisting of 13 or less consecutive amino acid-fasldues of ML-IAP). 287 (liagmenle 
comprising or consisting of 1 2 orless consecutive amino acid residues of ML-IAP), 
288 (fragments comprising or consisting of 1 1 or less consecutive amino acid rest-' 
dues of ItflL-lAP). 289 (fragments comprising or consisting of 10 or less consecutive 
amino add residues of ML-IAP). 

Accordingly, in prefened eml«K!lmenta the present invention is directed to fragments 
of MP-l AP comprising or consisting of more than 9 consecutive amino add residues, 
such fragments can comprise for example 10 amino add residues, euch as 1 1 
amino add residues, for example 12 amino add residues, sud, as 13 amino add 
iBsfdues. for example 14 amino acid residues, such as IS amino acid residues tor 
«cample 16 amjro acid residues, such as 1 7 amino add residues, for example 1 8 
amino acrd residues, euch as 10 amino add residues, for example 20 amino add 
rescues, such as 21 amino add residues, for example 22 amino add reddues. sud, 

add 1";"° T ^""'"'^ ^ 25 amino 

ac,d residues, for example 26 amino add residues, such as 27 amino acid residues 

^«amp,e28an,lnoadd residues, sud^as 29 a^^^^ 

^^^^addresldues. sud, as3laminoadd residues, for example 32 am.no add 

' H T ^ "^"""^ ^ ^''^ ^ 37 amino 

add residues, for example 38 amino add residues, sud, as 39 amino add residues 
for example 40 emino add residues, sud, as 41. amino add residues, for exampr 
^amlno add residues, such as 43 amino add .^Idues. for example 44 am*« add 

^du^sud,as45amlnoadd residues, for examp,e46aminoadd residues, sud^ 
as47a,ninoacld residues, for exampie48 amino add residues. sud,as49 amino 
add residues, fbrexample 50 amino add residues, sud, as 51 amino add residues 

foreKample 52 amino add rescues. sud, as53aminoadd residues. forexTmp^^^^ 
« amino add residues, sud, as 56 amino add residues, for example 56 amino add 

r^T, f; '^-^'^ ^sldues. such 

ac.d residues, for example 62 amino add residues, such as 63 amino acid residues 
66 amino add residues, sud, as 67 amino acid residues, for example 68 amino add ■ 
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residues, such as 69 amino add residues, for example 70 amino acid residues, such 
as 71 amino add residues, for example 72 amino add residues, sutih as 73 amino 
add residues, for example 74 amino add residues, such as 75 amino add residues, 
for example 76 amino add residues, such as 77 arruno add residues, for example 

5 78 amino add residues, such as 79 amino add residues, for example 80 amino add 
residues, such as 81 amino add residues, for example 82 amino acid residues, such 
as 83 amino add residues, for example 84 amino add residues, such as 85 amino 
add residues, for example 86 amino add residues, such as 87 amino add residues, 
for example 68 amino add residues, such as 89 amino add residues, for example 

10 90 amino add residues, such as 91 amino add residues, for example 92 amino add 
residues, such as 93 andno add residues, for example 94 amino add residues, sudi 
as 95 amino add residues, for example 06 amino add residues, sudi as 07 amino 
add residues, for example 98 amino add residues, such as 99 amino add residues, 
for example 100 amino add residues, such as 101 amino add residues, for example 

15 102 amino add residues, such as 103 amino add residues, for example 104 amino 
add residues, such as 105 amino add residues, for example 106 amino add resi- 
dues, such as 107 amino add residues, for example 108 amino add resMues, such 
as 109 amino add residues, for example 1 10 amino add residues, such as 1 1 1 
amino add residues, for example 112 amino add residues, such as 113 amfrio add 

20 residues, for example 1 14 amino add residues, such as 1 1 5 amino acid residues. 

for example 116 amino add residues, such as 117 amino acid residues, for example 
118 amino add residues, such as 1 19 amino add residues, for example 120 amino 
add residues, such as 121 amino acid residues, for example 122 amino add resi- 
dues, such as 123 amino add residues, for example 124 amino add residues, such 

25 as 125 amrno acid residues, for example 126 amino add residues, such as 127 

amino add residues, for example 128 amino acid lesldues, such as 129 arhino add 
residues, for example 130 amino add residues, such as 131 amino add residues, 
for example 132 amino add residues, such as 133 amino add residues, for example 
134 amino acid residues, such as 135 amino add residues, for example 136 amino 

30 acid residues, such as 1 37 amino acid residues, for example 1 38 amino add resi- 
dues, such as 139 amino add residues, for example 140 amino add residues, such 
as 141 amino add residues, for example 142 amino add residues, euch as 143 
amino add residues, for example 144 amino acid residues, such as 145 amino add 
residues, for example 146 amino acid residues, such as 147 amino add residues. 

35 for example 148 amino add residues, such as 149 amino acid residues, for example 
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ISO amino add residues, such as 151 amino add ' 
add residues, sudt as 153aminoadd ,«8ldues. for example 154 aminoadd ms.- 
dues such as 155 amino add residues, for example 156 amino add residues, such 
as 1 57 amino add residues, for example 158 amino add residues, such as 159 

resdues. or «campte162amino add «sldues.sud,asi63 amino add .BSIdues 
ia5am.no acK, res.dues.su* as 167am^ add residues, for example 168 aa,r 

as 173 amino acd residues, for example 174 amino add residues, audi as 175 

-exam.rirzL?rrrrr;arr 

13 -----dues.suchasl33arnon:^^^^^^^^^^^ 

188 amino add raslduM ™* ""^ "^"^^^ 

3uoh i jr™,r '**^- 202 a-rtm, acid 

due. such ^r,l„ It^ ""^^ 
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230 amino add residues, su^ as 231 amino add Festdues. for example 232 amino 
add residues, sudi as 233 arinno add residues, for example 234 amino add resi- 
dues, such as 235 amino add residues, for example 236 amino aad residues, such 
as 237 amino add residues, for example 238 amino add residues, such as 239 
5 amino add residues, for example 240 amino add residues, sudi as 241 amino add 
residues, for example 242 amino add residues, such as 243 amino add residues, 
fbr example 244 amino add reddues, such as 245 amino add residues, for example 
246 amino add residues, such as 247 anrino add residues, for ecample 248 amino 
add resMues. such as 249 amino add residues, for «(amp!e 250 amino add resi- 
10 dues, such as 251 amino add residues, for example 2S2 amho add residues, sudi 
as 253 amino add residues, fbr example 254 amino add residues, such as 255 
amino add residues, fbr example 256 amino acid residues, such as 257 amino add 
residues, for example 258 amino add residues, such as 259 amino add residues, 
fbr exampia 260 amino add residues, such as 261 amino acid residues, for. example 
1 5 262 ammo add residues, such as 263 amino aod residues, fbr example 264 amino 
add residues, such as 265 amino add residues, for example 266 amino add resi- 
dues, such as 267 amino add residues, for example 268 amino add residues, such 
as 269 amino add residues, for example 270 amino add residues, such as 271 
amino add residues, for example 272 amino add residues, such as 273 amino add 
20 residues, for example 274 amino add residues, such as 275 amino add residues. 

for example 278 amino add residues, such as 277 amino add residues, for example 
278 ammo add residues, such as 279 amino acid residues, for example 280 amino 
add residues, such as 281 amino add residues, for example 282 amino add resi- 
dues, such as 283 amino add residues, fbr example 284 amioo add residues, such 
as 285 amino acid residues, fbr example 286 amino add residues, such as 287 
amino add residues, for example 288 amino acid residues, such as 289 amino add 
residues, for example 290 amino acid residues, such as 291 amino add residues, 
for example 292 amino add residues, such as 293 amino add residues, for example 
294 amino add residues, such as 295 amino add residues, fbr example 296 amino 
30 add residues, 

vwherein the most N-tennlnal amino acid residua of aadi of the above fragments is 
fbr example residue 1 of SEQ ID NO:l, such as residue 2 of SEQ ID NCfcl. for ex- 
ample residue 3 of SEQ ID N0:1. such as residue 4 of SEQ ID NO:l. for example 
35 residue 5 of SEQ ID NO:1. such as residue 6 of SEQ ID NO:1. fbr example residue 
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7 of SEQ ID NO:1 , such as residue 8 of SEQ ID N0:1. for example residue 9 of 
SEQ ID NO:1. such as residue lOof SEQ IDNOzl. for example residue 11 of SEQ 
ID NO:1 , such as residue 12 of SEQ ID N0:1, for example residue 13 of SEQ ID 
NO:1, such as residue 14 of SEQ ID NO:1. for example residue 15 of SEQ ID NO:1, 

5 such as residue 16 of SEQ ID NO:1, for example residue 17 of SEQ ID NO:1, such 
as residue 18 of SEQ ID NO:1. for example residue 19 of SEQ ID NOil, such as 
residue 20 of SEQ ID NO:i, for example residue 21 of SEQ ID NO:1. such as resi- 
due 22 of SEQ ID NO:1, for example residue 23 of SEQ ID IM0:1, such as residue 
24 of SEQ ID NO:1, for example residue 25 of SEQ ID NO:1. such as residue 26 of 

10 SEQ ID N0:1 . for example residue 27 of SEQ ID NO:1 , such as residue 28 of SEQ 
ID NO:1 , for example residue 29 of SEQ ID NO:1 . such as residue 30 of SEQ ID 
NO;1 , for example residue 31 of SEQ ID NO:1 , such as residue 32 of SEQ ID N0:1, 
for example residue 33 of SEQ ID NO:1. such as residue 34 of SEQ ID NO:1, for 
example residue 35 of SEQ ID NO:1, such as residua 36 of SEQ ID NO:1, forex- 

1 5 ample residue 37 of SEQ ID N0:1 , such as residue 38 of SEQ ID NO:1 , for example 
residue 39 of SEQ ID NO:l, such as residue 40 of SEQ ID NO:1, for example resi- 
due 41 of SEQ ID NO:1 . such as residue 42 of SEQ ID NO:1 . for example residue 
43 of SEQ ID NO: 1 , sudi as residue 44 of SEQ ID NO:1. for example residue 45 of 
SEQ ID NO:1 , such as residue 46 of SEQ ID NO:1 . for example residue 47 of SEQ 

20 ID NO. 1 . such as residue 48 of SEQ ID NO:1 . for example residue 49 of SEQ ID 

NO:1 , such as residue 50 of SEQ ID NO:1, for example residue 51 of SEQ ID N0;1 , 
such as residue 52 of SEQ iD NO:1, for example residue 53 of SEQ ID NO: 1 , such 
as residue 54 of SEQ ID NO:1, for example residue 55 of SEQ ID NO:1 , suc^ as 
residue 66 of SEQ ID NO:1 , for example residue 57 of SEQ ID NO:l. such as real- 

25 due 58 of SEQ ip NO:1. for example residue 69 of SEQ ID NO:1, such as residue 
60 of SEQ ID NO:1, for example residue 81 of SEQ ID NO:1, such as residue 62 of 
SEQ ID NO:1, for example residue 63 of SEQ ID NO:1 , such as residue 64 of SEQ 
ID NO:1 , for example residue 65 of SEQ ID NO:1 , such as residue 66 of SEQ ID 
NO:1, for example residue 67 of SEQ ID NO:1, such as residue 68 of SEQ ID NO:1, 

30 for example residue 69 of SEQ ID NO:1, such as residue 70 of SEQ ID NO:1, for 
example residue 71 of SEQ ID NO:1. such as residue 72 of SEQ ID N0:1. for ex- 
ample residue 73 of SEQ ID N0:1, such as residue 74 of SEQ ID NO:1 , for example 
residue 75 of SEQ ID NO:1, such as residue 76 of SEQ ID NO:1. for example resi- 
due 77 of SEQ IP NO:1, such as residue 78 of SEQ ID NO:1. for example residue 

35 79 of SEQ ID NO:1 , such as residue 80 of SEQ ID NO:1. for example residue 81 of 
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SEQ ID NO:1. sudi asresidue82Gf SEQID NO:1. for example residue 83or8EQ 
ID NO:1 , suc^ as residue 84 of SEQ ID NO:1 . for orample residue 85 of 8EQ JD 
NO:1. such as residue 86 of SEQ ID N0:1, for example residue 87 of SEQ ID NO:1. 
such as residue 86 of SEQ ID NO:1, for example residue 89 of SEQ ID NO:1, such 
5 as residue 90 of SEQ ID NO:1. for example residue 91 of SEQ ID NO:1, such as 
residue 92 of SEQ ID NO:1, for example residue 93 of SEQ ID NO:l. such as resi- 
due 94 of SEQ ID NO:l, for example residue 95 of SEQ ID NO:1. sudi as residue 
96 of SEQ ID NO:1, for example residue 97 of SEQ ID NO:1, suth as residue 98 of 
SEQ ID NQ:1, for exacnpie rraldue 99 erf SEQ ID NO:1. such as residue 100 of SEQ 
10 ID NO:1, for example residue 101 of SEQ ID NO:1, sudi as residua 102 of SEQ ID 
NO:1. for example residue 103 of SEQ ID NO:1 , such as residue 104 of SEQ ID 
N0:1. for example residua 105 of SEQ ID NO:1, such as residue 106 of SEQ ID 
NO:1. for example residue 107 of SEQ ID NO:1 . such as residue 108 of SEQ ID 
NO:l , for example residue 109 of SEQ ID NO:l. such as residue 1 10 of SEQ ID 
15 NOn.forexample residue 111 of SEQIDNO:1,suohasresrdue 1l2of SEQID 
iMO:1. for example resldueilS of SEQ ID NO:1 . such as residue 114 of SEQ ID 
NO: 1 . for example residue 115 of SEQ ID NO:l , such as residue 1 16 of SEQ lo 
NO:1 . for example residue 1 17 of SEQ ID NO:1 . such as residue 1 18 of SEQ ID 
NO:1 . for example residue 119 of SEQ ID NO;1 . such as residue 120 of SEQ ID 
NO:l. for example residue 121 of SEQ ID NO:1. such as residue 122 of SEQ ID 
NO:1. for example residue 123 of SEQ ID NO:1. such as residue 124 of SEQ ID 
NO:1. for example residue 125 of SEQ ID NO:1. such as residue 126 of SEQ ID 
NO:l, for example residue 127 of SEQ ID N0:1. euch as residue 128 of SEQ ID 
NO:1, for example residue 129 ofSEQ ID NO:1, such as residue 130 of SEQ ID 
NO:1. for example residue 131 of SEQ ID NO:1, such as residue 132 of SEQ ID 
NO:1. for example residue 133 of SEQ ID NO:1. such as residue 134 of SEQ ID 
N0:1, for example residue 135 of SEQ ID NO:1, such as residue 136 of SEQ ID 
NO:1. fbr example residue 137 of SEQ ID NO:1 , such as residue 138 of SEQ ID 
NO:1. fttr example residue 139 of SEQ ID NO I, such as residue 140 of SEQ ID 
30 NO:1. fbr example residue 141 of SEQ ID NO:1, such as residue 142 of SEQ ID 
NO:1. for example residue 143 of SEQ ID NO:1. such as residue 144 of SEQ ID 
NO:1. for example residue 145 of SEQ ID NO:1, such as residue 146 of SEQ ID 
NO:1. for example residue 147 of SEQ ID N0:1. such as residue 148 of SEQ ID 
NO:1. fbr example residue 149 of SEQ ID NO:1. such as residue 150 of SEQ ID 
NO:1, for example residue 151 of SEQ ID NO:l. such as residue 152 of SEQ ID 
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NO:1, for example residue 153 ofSEQ ID N0:1. such as residue 154 of SEQ ID 

NO:1 . for example residue 155 of SEQ ID NO:1, such as residue 156 of SEQ ID 
NO;1. for example residue 157 of SEQ ID NO:1, such as residue 158 of SEQ ID 
NO:1. for example residue 159 of SEQ ID N0:1, such as residue 160 of SEQ ID 
5 NO:1. for example residue 161 of SEQ ID NO:1. such as residue 162 of SEQ ID 
NO:1. for example residue 163 of SEQ ID NO:i. such as residue 164 of SEQ ID 
NO:1 . for example residue 165 of SEQ ID NO:1 . such as residue 166 of SEQ ID 
NO:1. for example residue 167 of SEQ ID NO:1 , such as residue 168 of SEQ ID 
N0;1. for example residue 169 of SEQ ID NO:1. such as residue 170 of SEQ ID 
10 NOn.forexampte residue 171 of SEQ ID IMO:1. such as residue 172 of SEQ ID 

NO:1. for example residue 173 of SKI ID NO:1. such as residue 174 of SEQ ID 
NO:1. for example residue 175 of SEQ ID N0:1. such as residue 176 of SEQ ID 
NO:1. for example residue 177 of SEQ ID N0:1. such as residue 178 of SEQ ID 
Nai. far example residue 179 of SEQ ID NO:1. such as residue 180 of SEQ ID 
15 NO:1. for example residue 181 of SEQ ID NO:i. such as residue 182 of SEQ ID 
NO:1. for example i^due 183 of SEQ ID N0:1. such as residue 184 of SEQ ID 
NO:i. for example residue 185 of SEQ ID NO:l. such as residue 186 of SEQ ID 
NO:l. for example residue 187 of SK) ID NO:1. such as residue 188 of SEQ ID 
NO:1. for example residue 189 of SEQ ID NO:i. such as residue 190 of SEQ ID 
20 NO:1. for example residue 191 of SEQ ID NO:1. such as residue 192 of SEQ ID 
NO:1. for example residue 193 of SEQ ID N0:1. such as residue 194 of SEQ ID 
NO:1. for example residue 195 of SEQ ID N0:1 . such as residue 196 of SEQ ID 
NO:1. for example residue 197 of SEQ ID NO:1. such as residue 198 of SEQ ID 
NO:1. for example residue 199 of SEQ ID Nai. such as residue 200 of SEQ ID 
NO:1 . for example residue 201 of SEQ ID NO:1. such as residue 202 of SEQ ID 
NO:1. for example residue 203 of SEQ ID NO:1. such as residue 204 of SEQ ID 
NO:1. for example residue 205 of SEQ ID NO:1. such as residue 206 of SEQ ID 
NO:1, for example residue 207 of SEQ ID NO:i. such as residue 208 of SEQ ID 
NO:1. for example residue 209 of SEQ ID NO;l . such as residue 210 of SEQ ID 
NOM. for example residue 211 of SEQ ID N0:1. such as residue 212 of SEQ ID ' 
NO:1. tor example residue 213 of SEQ ID Nai. such as residue 214 of SEQ ID 
NO:1. for example residue 215 of SEQ ID Nai. such as residue 216 of SEQ ID 
Nai. for example residue 217 of SEQ 10 Nai. such as residue 218 of SEQ ID 
NO:1, for example residue 219 of SEQ ID Nai. such as residue 220 of SEQ ID 
Nai. for example residue 221 of SEQ ID Nai. such as residue 222 of SEQ ID 
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NO:1, for example residue 223 of SEQ ID N0.1. such as residue 224 of SEQ ID 
NO:1. for example residue 225 of SEQ ID NO: 1. such as residue 226 of SEQ ID 
NO:1. for example residue 227 of SEQ ID N0:1, such as residue 228 of SEQ ID 
NO:1 . for example residue 229 of SEQ ID NO:1 . such as residue 230 of SEQ ID 
5 NO:1. for example residue 231 of SEQ ID N0:1 , such as residue 232 of SEQ ID 
Np:1, for example residue 233 of SEQ ID NO:1. such as residue 234 of SEQ ID 
NO:1. for example residue 235 of SEQ ID NO:l, such as residue 236 of SEQ ID 
NO:1. Ibr example residue 237 of SEQ ID N0:1. such as residue 238 of SEQ ID 
NO:1 . for example residue 239 of SEQ ID Nai. such as residue 240 of SEQ ID 
10 NO:1, for example residue 241 of SEQ ID N0:1. such as residue 242 of SEQ ID 
NO:1 . for example residue 243 of SEQ ID NO:1. such as residue 244 of SEQ ID 
N0.1, for example residue 245 of SEQ ID NO:l. such as residue 246 of SEQ ID 
NO:1. ftor example residue 247 of SEQ ID NO:1. such as residue 248 of SEQ ID 
N0:1. for exemple residue 240 of SEQ ID NO:l . such as residue 250 of SEQ ID 
IS NO:1. for example residue 251 of SEQ ID NO:1, such as residue 252 of SEQ ID 
NO:1. for example residue 253 of SEQ ID Nai. such as residue 254 of SEQ ID 
N0.1. for example residue 255 of SEQ ID NO:1. such ae residue 258 of SEQ ID 
NO:1 . for example residue 257 of SEQ ID NO:1. such aa residue 258 of SEQ ID 
NO:1. for example residue 259 of SEQ ID NO:1. such as residue 260 of SEQ ID 
20 NO:1 , for example residue 261 of SEQ ID NO:1, such as residue 262 of SEQ ID 
NO:1. for example residue 263 of SEQ ID NO:1. such as residue 264 of SEQ ID 
N0:1. for example residue 265 of SEQ ID NO:l. such as residue 266 of SEQ ID 
NO:1. for example residue 267 of SEQ ID NO:1. such as residue 268 of SEQ ID 
NO:1 . for example residue 269 of SEQ ID NO:1, such as residue 270 of SEQ ID 
25 NO:1 . for example residue 271 of SEQ ID NO:1. such as residue 272 of SEQ ID 
NO:1, for example residue 273 of SEQ ID NO:l. such as residue 274 of SEQ ID 
NO:1. for example residue 275 of SEQ ID NO:1. such as residue 276 of SEQ ID 
NO:l, for example residue 277 of SEQ ID NO:1. such as residue 278 of SEQ ID 
NO:1. for example residue 279 of SEQ ID NO:1, euch as residue 280 of SEQ ID 
30 NO:l. for example residue 281 of SEQ ID NO:1. such as residue 282 of SEQ ID 
NO:1 . for example residue 283 of SEQ ID NO:1 . suoh as residue 284 of SEQ ID 
NO:1. for example residue 285 of SEQ ID NO:1. such as residue 286 of SEQ ID 
NO:1. for example residue 287 of SEQ ID NO:1 . such as tesidue 288 of SEQ ID 
N0:1. for example residue 280 of SEQ ID N0:1. such as residue 290 of SEQ ID 
35 N0:1. for example residue 291 of SEQ ID Nai. such as residue 292 of SEQ ID 
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NO:1 , for example rssldue 293 of SEQ ID N0:1. such as residue 294 of SEQ ID 
NO:1. for example residue 295 of SEQ ID NO:1. such as residue 296 of SEQ ID 
NO:1. for example residue 297 of SEQ ID ND:1, 

with the proviso that the length of a given fragment, measured as the number of 
amino add residues. Is shorter than or equal to the result obtained by substracting 
from 297 (the number of residues In the full length MP-IAP sequence) the position 
(number) In SEQ ID NO:1 of the N-terminal amino add residue of the fragment In 
question. 

Much preferred fragments of ML4AP are fisted herein betow in Table 1 and charac- 
terised by their Cso value ftiM) as the concentration of the peptide required for half 
maximal binding to HLA-A2. The value range listed In subscript indicates the posi- 
tion of the first amino add in the sequence. 

Table 1 



ML4AP fragment 


Sequence 










ML-IAP245 


RLQBERTCKV 


(SEQ 


ID 


297) 


1 


MI.-1AP280 


QLCPICRAPV 


(SEQ 


ID 


298) 


20 


ML-IAP90 


RLASFYDWPL 


(SEQ 


ID 


299) 


0.2 




liLRSKGRDFV 


(S£Q 


ID 


300} 


10 


ML-IAP230 


VliEPPGARDV 


(SEQ 


ID 


301) 


>100 


ML-IAP08 


PLTAEVPPEL 


(SEQ 


ID 


302) 


>100 


ML-IAP26I 


SIVFVPCG 








Not binding 



ML-XAP34 

ML-IAP64 



SLGSPVIiGI. (SEQ ID 35) 1 
QILGQLRPI. (SEQ ID 55) 1 
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ML-IAPes 



LTTffiVPPEI* (SBQ ID 100) 



0.9 



ML-IAPB3 



GM6SEELRL (SEQ ID 84) 



30 



ML-1AP2C0 



EliPTPRREV (SEQ ID 200) 



Not binding 
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Functional characterisation of preferred ML-IAP fragments 

Very preferred fragments of ML-lAP according to the present invention are ftag- 
ments of ML-lAP capable of elldttng a specific T-oeH response, which may be either 
a cytobndc T«ceil response or a.helper T-celi response, but which preferably Is a 
cytotoxic T-cell response. Several different stat&of-the-art methods may be used to 
identify peptide fragments capable of enciUng a specific T-cell response. However, it 
is difficult to predict whether a given peptide will be capable of elldting a specific T- 
cell response. Even though computer models may predict functional epitopes, ex- 
peiimentai evidence is usually required in onjer to verify whether a predicted epitope 
Indeed is a functional epitope. Even fragments that associate with MHC molecules 
with high affinity will not necessarily give rise to a T-ceil response as determined by 
for example ELISPOT assay (see herein below) or in an individual. 

Hence, in one embodiment of the present invention it is preferred that the ML-lAP 
fragments are capable of association with an MHC moleculOt even more preferred 
that the fragment is capable of association with a dass I MHC molecule. Preferred 
MHC class I molecules are frequently occuning MHC class I molecules, for example 
me MHC dass I molecules described herein below. Assodation between ML-lAP 
and an MHC molecule may for exarr^te be determined using the assembly assay 
described herein below. 

Preferred, ML-lAP fragment according to the invention may be characterised by 
having a Cso value, measured as the concentration {jiM) of the polypeptide fragment 
required for half maximal binding to an MHC molecule, preferably to an MHC dl&SB I 
molecule. In the range of from 500 to 1000. such as in the range of 200 to 500, for 
exemple in the range of 100 to 200, such as in the range of SO to 100. for example 
in range of 25 to 50, such as fn the range of 10 to 25, for example in range of 5 to 10 
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such as In the range of 1 to 5. for «(ampte {n fange Of 0,1 to 1 such as In tha range 
of 0,05 to 0.1 . for example less than 0.05. Said MHC dass I molecule may ba any 
MHC class I molecule, for ^mple an HLArA molecule, such as HLA-A2. Preferred 
MHC dass I molecules are frequently occurring MHC dass I molecules, for example 
5 the MHC class I molecules descrit>e(l herein below. 

More prefsrred fragments of ML-IAP Indudes fragments of MWAP wherein the Cso 
value is less than 1000 even more preferably less than 200 jtM. yet more pref- 
erably less than 100 pM, yet even more preferably less than 75nM, even more pref- 

10 erably less than SO pM. yet more prelerably less than 40 pM. even more preferably 
less than 31 pM, yet more preferably less than 26 iiM. even more preferably tess 
than 10 M*/l , yet more preferably less than 5 pM, even more preferably less than 1 
IiM , yet more preferably less than 0.5 pM. even more pr^erably less than 0,2 pM, 
yet more l^reforably less than 0,1 pM, even more preferably less than 0.05 pM, 

15 wherein the Cm value Is the concentration of the pepUde required for half maximal 
binding to an MHC molecule, preferably to an MHC dass I molecule. Said MHC 
class I mdecula may be any MHC dass I molecule, such as an HUA-A molecule, for 
example HIAA2. Preferred MHC dass I molecules are trequenUy occurring MHC 
class I molecules, for exampfe the MHC dass I molecules described herein below 

20 

It is preferred that the Cm value is detemruned aeoordlng to the assembly assay da- 
scribed herein below. 

Accordingly, in one embodiment of the present Invention prefered fragments of ML- 
25 lAP may be selected from the group consisting of ML-IAPaso. ML-IAPaa. ML- 

IAPi54..ML-IAP2„.ML-IAPm and ML-lAPa,, More preferred fragments of ML-IAP may 
be selected from the group consisting of ML-IAP2«5. ML-IAPs« and ML-IAP99 . 
Assembly assay 

Assembly assays for binding of the synthetic peptides to dass I MHC molecules 
30 metabolically labeled with rsHnethlonine can be carried out as described betow. It 
will be appredated by the person skilled in the art that the protocol may be adoptes 
for any peptide and any class I MHC molecule. Previously, it has been demon- 
strated that the peptide concentration resulting In half-maximal binding in an assem- 
bly assay for peptide binding to class I MHC is a good approximation of Ke(1). 
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Briefly, TAP deficient cells were metaboBcally labeled with l^]-methlonine (Amer- 
sham, Freiburg. Germany). TTie ceils were lyzed In 0.5 ml lysis buffer (150 mM 
NaCi. 50 mM TrisHCI, 0.5 % NP-40 (Fluka, Buchs, Swteertand), 5 mM EDTA, pH 
5 7.5) with 0.5 % Mega-9 (Sigma, SL Louis, USA) In the presence of protease inhlbh 
tors (2 mM PMSF. 5 mM lodoacetamide, 2 |ig/ml pepstatin, 2 (ig/ml leupeptin) >Arith 
or without synthetic peptide (for a list of positive control peptides, see Table 2). 

After 20 min of Incubation, the oell nuclei were removed by centrifugafion (5 nun. 

10 10.000 g) and 50 |ii (10 % vN) freshly washed Staphylococcud aureus organisms 

(Pansorbln. Calbio^em, NotUngham, UK). The next day Pansorbin was removed by 
centrifugation (12 min, 16.000 g) and the appropriate monoclonal antibody was 
added at a final concentration of 10 pg/ml, incubated for 90 min, followed by addition 
of protein A-Sepharose (75 |il, 10 % vN) and incnjbation for 1 h. The beads were 

15 washed 4 times and stored at-20^C until analysis by electrophoresis. 

For peptide binding to HLA--B*2705 and H-2K^ a modified assembly assay was used 
as described previously by us (2). When transfected into T2 cells 8*2705 and K!" are 
unusually stable In the absence of added peptide. To drcumvent this, a mild heating 

20 step was Introduced In order to preferentially destabilize MHC molecules which re- 
main empty after peptide incubation. BrtefZy. the cell lysates are incubated with pep- 
tide for 2 h at 4^C, allowing the binding of peptide to empty class I molecules. Next, 
the cell iysates were heated (60*C for 5 min for T2-B*2705 or 55°C for 2 min for T2- 
K*^). Pansorbin was then added to the samples as In the conventional assembly as- 

25 say. 

Electrophoresis 

In the case of an assembly assay with the HLA class i-specific confomnation- 
dependent monoclonal antibody W6/32, samples were eluted in reducing buffer (9.5 
30 M urea, 2 % NP-40. 5 % 2-mercaptoethanol, 2 % Ampholines, pH range 3.5-9.5 
(Pharmacia Biotech, Uppsala, Sweden)) and focused for 16 h at 880 V on 5.5 % 
polyacrylamide Isoeiectrlcfocusing (lEF) gels (2. 3). 

Samples from assembly assays with allele-apeclfic antibodies were eluted by boiling 
35 (5 min) In SDS redudng buffer (50 mM TrIsHCi pH 6.8. 2 %SDS. S % 2- 
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mercaptdsthanol. 10 % glycraol. 2.6 % bremophenol blue) and etectiophorezed on 
12 % SDS-PAGE gete (1 h at 200 V). AO gels wera fixed in 10 % acetic add with 5 
% methanol and dried onto 3 MM paper (Wlwtman, Maidstone, UK). MHC heavy 
<^n bands were quantified usrng the Imagequant Rtosphorimager program (Mo- 
lecular Dynamics. Sunnyvale. CA, USA). The intensity of the band is directly related 
to the amount of peptlde-bound dass f MHC complex recovered during the assay. 
Ceo value (jiM) as the concentration of the peptide required fbr half maximal binding 
to MHC may thus be detemnlned. Ttte binding affinities of the analysed peptides are de- 
temiined according to their efRdeney of staUDslng the HLA ctass I mdecides. The binding 
afllni^ is represented as the peptide concentration required to reach hatf-maxlmal stabnfeta- 
tton of appropriate HLArmolecuI©. Previous analyses have shown that the CSO values meas- 
ured In fhb assay fits well wlUt the dissociation constant (Kd) of the complex (J. EMn et el.. 
1993). " - 
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In another embodiment of the preseht Invention preferred ML-IAP Segments are ML- 
lAP fragments predicted to be epitopes, In particular HIA lestdcted epitopes^ Pre- 
ferred HLA molecules according to the present Invention are fisted herein betow. 

Epitope prediction may be performed using any suKable algorithm, preferably an 
algorithmus based on the book "MHO Ugands and Peptide Motifs" by H.G. Ram- 
mensee. J.Bachmanna and S.8tevanovle. One prefenred mettwds of predicUng epi-" 
topes is using the SYFPEITHI epitope prediction algorithm. Further explanations on 
the algorithin can be found in HG Rammensee. J Bachmann. NPN Emmerich, OA 
Badior and S Stevanovic (1999) SYFPEITHI: database for MHC Hgands and pep- 
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tide motifis. Immunogenetics 50: 213-219. SYFPEiTHI database can be (bund on the 
internet site: r)ttp://^eithi.bmi-h8idelberg.com^8ci1pts/l^ 

The algorithm calculates the predicted ligation strength to a defined HLA type for a 
5 sequence of aminoadds. Preferred ML-IAP has a predicted ligation strength to a 
given HIA molecule as calculated using said algorittim of at least 10, preferably at 
least 12, more preferably at least 15, even more preferably at least 16, such as at 
least 18, for example at least 20. 

1 0 Hoiivever. more preferred fragments according to the present invention are IML-iAP 
fragments capable of raising a specific T-cell response as determined by an ELIS- 
POT assay, for example the ELISPOT assay described herein below. Some frag- 
ments of ML-IAP although not binding MHC v«th high affinity still may give rise to a 
T-cell response as detemnlned by ELISPOT. Other fragments of IML-IAP may be 

1 5 capable of binding MHC with high affinity and gives rise to a T-cell response as de- 
termined by ELISPOT. Both kinds of fragments are prefened fragments according to 
the Invention. 

Hence, preferred fragments according to the present invention are ML-IAP frag- 
20 ments capable of raising a specific T-cell response as measured by an ELISPOT 
assay, wherein more than 50 fragment specific spots per 10® cells, more preferably 
per 10^ cells, even more preferably per 10® cells, yet more preferably per 10® ceRs, 
for example per 10^ cells are measured 

25 Herice, in one embodiment of the present invention preferred ML-IAP fragments 
may be selected from the groUp consisting of ML-IAP245(SEQ ID 297),ML-IAP2bo 
(SEQ ID 298) and ML-IAP23o.(SEQ ID 301). Further preferred fragments peptides 
comprising or even more preferably consisting of SEQ ID 245. 

30 EUSPQT 

Antigen stimulation of PBL 

Peripheral blood was obtained from melanoma patients before vaccination and sub- 
sequent to a series of vaccinations. In order to identify peptide-spedfic T-cell pre- 
35 cursors, periferal blood lymphocytes (PBL) were used directly in the ELISPOT 



28 



il/04 '03 H:10 FAX +45 33320384 HOIBERC Ay«s 

KBIBERC A/S , PATENT-OG VABBM* Q|029 



P734OK00 

27 



10 



15 



20 



25 



30 



(designated direct EUSPOT), However, to extend the sensitivity of the ELI8POT 
assay, PBL were stimulated once in vitro prior to anatysia At day 0, PBL or 
cnjslied lymph nodes were thawed and plated in 2 ml^ven at a ooncentiatlon of 2 x 
10« cells in 24-well plates (Nunc. I3enmarlt> in X-vivo medium (Bro Whitlaker. Walk- 
ersville. Maryland). 5% heat^nacUvated human semm. and 2 mM of L-glulamine in 
the presence of 10 liM of peptide. Two days later 20 lU/ml recombinant interteukin.2 
{IL-2) (Chiron. Ratlngen. Germany) was added to the cultures. The cultured cells 
were tested for reactivity In the EUSPOT on day 8. 
ELISPOT assay 

The EUSPOT assay used to quantify peptide epitope spedfie Intetferen^ releasing 
effector cans was adapted from l^lvani et al (Lalvani et al.. 1997). and Schelbenbo. 
gen et al (Scheibenbogen et al., 1997). Briefly, nitrocellulose bottomed 96.wen 
plates (Multiscreen MAIP N45. MilUpore) were coated overnight at 4"C wHh 7.5 
Hg/ml of antMFN-y antibody (l-DIK. Mabtech. Sweden) in 75 pi stenle PgS. Subse- 
quently, the wells were washed six times with PBS. and nonspecific binding were 
blocked by x-vivo medium for 2 hours at 37»C. Freshly Isolated PBL or cells, which 
had been stimulated once in vitro, ware added in duplicates at different cell concen- 
trations (from 1 0» to 1 tf» cells per well for norvstlmuiated PBU and from 3xl0«- 
3x10* cells per well for PBL which had been stimulated once In vHro). in 100 pi X- 
vivo medium. Peptides were then added to each weU to a flnal concentration of 2 pM 
and incubated overnight at 37''C. 



The fbnowing day, media was discanied and the wells were washed (six times) with 
PBS containing 0.05 % Tween (PBS^-w) before the addition of blotinylated secon- 
dary antibody (T-BB-I-Blotln. Mabtech) at 0.5 yg/Ml in 75 pi PBS containing 1% BSA 
and 0.02 % NaNa (PBS/BSA). The plates were incubated at room temperature for 2 
hours. The wells were washed (six times) with PBS/Tw. Then 75 pi of AvkJIn- 
enzyme conjugate (AP-AvldIn, Calbioohem) diluted 1:2000 In PBS/BSA were added 
to each wall and Incubated for 1 hour. The enzyme substrate NBT/BCIP was pre- 
pared freshly according to the manufacturers' InstrucUons (Glbco, code 18280-016) 
and 75 pi were added to each well and incubated for 5-10 min. The reaction was 
temrtnated by washing with tap-water upon the emergency of dark purple spots. The 
apots were then counted using the Alphalmager System (Alpha Innotech. San Le- 

andro.CA. USA) and the peptide specific CTL frequency could be calculated aa the 
35 number of spot-lbrming cells. 
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It is preferred that the ELISPOT assay is performM using PBL derived from an indi- 
vidual that has not previously been immunised wllh IVIL-IAP or a fragment thereof. 
More preferably, said Individual has not been subjected to any Idnd of immune ther-- 
apy against a neoplastic disease. IHence It is for e)»mple preferred that the Individ- 
ual hae not been immunised wilh tumour cells previously. PBL from individuals that 
have been subjected to immune therapy. In particular immune therapy comprising 
ML-IAP. may give a positive result agdnst a given peptide in an ELISPOT assay, 
even though PBL from a naive person would not have given a positive result 

In yet another embodiment of the present Inventon, preferred ML-IAP fragments are 
fragments capable of activating T-cell grovirth In vitro. In particular, preferred ML-IAP 
fragments induce expansion of antlgen-speclflc CTL using DC loaded wilh said 
fragments. A method of expanding antigen-specific CTLs is described herein below. 
Acxx>rdingly. very preferred ML-IAP fragments mcludes fragments, wherein more 
than lO^antigeri specific CTL^, more preferably 10^, even more preferably 10^ anti- 
gen specific CTLs may be harvested after 4 stimulafion cycles starting wKh 10* 
PBMC as described herein below. 

20 ' 

Expansion o f antlaervspecific CTL using aniiaen-loaded DC 

The generation of dendiiUc cells (DC) was performed as described (1). PBMC were 
plated in 85 mm dishes (either bactenological, Primaria or Tissue culture dishes. 

25 Falcon, Cat. No. 1005. .3038 or 3003; Becton Dickinson, Hershey, USA) at a density 
of 50x10® cells per dish In 10 ml of complete culture medium and tncubaled at ST'^C 
and 5% C02 for 1 h. After a microscopic control of adherence, the non-adherent 
fraction was removed and 10 ml of fresh, warm complete medium (RPM1 1840 
(Prod, Nr. 12-167, Bio Whittaker, WaikerevUle, USA) supplemented with gentamlcin 

30 (Refobacin 10. Merck. Darmstadt, Gennany).at 20 fig/ml final concentration, gluta- 
mine at 2 mM final concentration (Prod. Nr. 17-605. Bio Whittaker) and 1% heat 
Inactivated (SB'* for 30 min) human plasma) were added (day 0). The non-adherent- 
fractions were centrlfuged and plated once more In new 85 mm llssue-culture-dishes 
for readherence. The non-adherent finacHon from these repfate' dishes was dls- 
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carded after 1 h adherence. An adherent fracUons were cultured until day 1. then 
culture medium was t^en cfff carefully so that loosely adherent cells were not re- 
moved, and new culture medium containing GM<CSF (800 U/ml final concentration) 
and IL^ (1000 U/ml final concentraUon) was added. Cytokines were added again on 
5 day 3 In 3 ml fresh medium (containing 8000 U GM-CSF and 10,000 U IL-4) per 

dish. On day 5 all non-adherent cells were harvested, counted and replated in fresh 
complete medium (containing cytokines In the same dosage as described above) in 
6 well plates at a density of 5^10^ cellsAwell In 3 ml medium. On day 6 750 mono- 
cyte corulitioned medium (MCM) were added) to induce maturation of DC, and on 
1 0 day 7 or 8 cells were harvested. 

All DC preparatione were highly enriched in mature DC with > 90% showing a diar- 
^ actertstic phenotype by flow cytometry (HLA-DR-m-i*, CD8&h--i>, CD40**-, CD25^, 

CD14-). More than 80% of the cells expressed the CD83 antigen as marker for ma- 
ture DC. 

15 MCM was prepared in the following way: 1g coated bacteriological plates (85 mm. 
Falcon 1005) were prepared Immediately prior to use. As Immunoglobulin we used 
Sandoglobin^^ (Novartis). Coating was performed with 10 ml of diluted (with PBS 
without calcium or magnesium, Bio Whttaker) Immunoglobulin (10 ^g/ml) for 10 min 
at room temperature. After the coating protiedure plates were rinsed twice with PBS 

20 without calcium or magnesium (Bio Whittaker). S0»10® PBMC were plated on these 
dishes in complete medium without cytokines and incubated at 37''C, 5% CO2 fw 20 
h. Then the monocyte conditioned medium was harvested, centrifuged at 1360 g for 
10 min (22''C)» sterile filtered (0.22 {im filters. Miilipore. Molsheim. France) and tiro- 
zen down In alk|uots at -20''C. 

i 25 

5x10^ cellsAft/ell DC were pulsed with 50 \kgfm\ HLA-restricted peptide for example 
an ML-IAP fragment for 2 h at 37''C peptide. About 10^ PBMC/well and 5^10^ anti- 
gen-loaded autologous DCMeli were co-cuitured In a 96-well round-bottom plates in 
200 |ii MCM medium/well supplemented ^h 5% autologous plasma. On day 7, 
30 PBMC were restimulated either with antigen-ioaded DC. After a total of 4 to 5 

stimulation cycles CD8^ T lymphocytes were enrldied from PBMC by depletion of 
• CD4*, CD11b\ CD16*, CD19*, CD36* and CDSO* cells with magnetic cell sorting 
using a mldlMACS device (Miltenyi Blotec GmbH, Bergisch Gladbach, Germany). 
The resulting population.cons[sted of >90% CDS'* T cells. 
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For expansion of specific CTLs. such as tumour spcdflc CTLs, the CDB-enrichad T 
cells were transferred to 2S-an* flasks coated with ana-CD3/antl-CD28 mAbs, as 
descnTjed previously (2). Briefly, flasks (Falcon, Heidelberg^ Germany) were 

6 coated with antWiuman CD3 mAb (0KT3, Ortho Pharmaceutical Corp., Raritan, NJ) 
and anti-human CD28 mAb {L293, Becton Dickinson) at a concentration of 1 |ig/ml 
In PBS/100 mM HEPES buffer (pH 9). After Incubation overnight at 4'C. coated 
flasks were washed tvrice with PBS. CDS* T cells were placed on the pracoated and 
washed flasks at 5 » 10^ oells/ml in 10 ml MCM medium supplemented with 10% 

10 human AB serum (PAA Laboratories GmbH. Coelbe, Germany) and 100 lU IL-2/ml 
(EuroCetus, Amsterdam, Nethertands). Cells were restlmulated with anti-CD3/anti- 
CD28 mAbs once a week, culture medium and IL-2 (100 lU/ml) was changed twvice 
a week. Part of CD8-purifled CTL were expanded by weekly restlmulation with anti- 
gen-loaded DC or PBL. 

15 

References 

1. BThumer, C.Roder, D.DIeckmann, M.Heuer, M.Kruse, A.GlKer, P.Kelkavoussi 
E.Kampgen, A.Bender, and G.Schuler, Generation of large numbers of fully mature 
and stable dendritic cells from ieukapheresis products for clinical application 
20 J.lmmunoI.Methods 223: 1 (1 999). 

2.0elke M. Moehrle U. Behringer D, Lindemann A, Mackensen A. Activation and 
puriflcation of Melan-A-specific human CDS* T cells In vitro for adoptive transfer In 
tumor Immunotherapy. CBn Cancer Rbs 2000;6: 1 997-2005. 

.25 In some embodiments of the present invention prefen-ed ML-IAP fragments are 
fragments capable of being presented by a specific MHC molecule. Hence, very 
prefen^ed ML-IAP fragments may be fragments capable of raising a specific T-cell 
response in en individual v*«th a specific tissue type. Preferred MHC molecules ac- 
cording to the invention are listed heiefn below. 
30 . 

In particular the peptides listed herein below, are preferred pepfides for use In an 
individual of the specified tissue type: 

HLA-A1 

35 MLIAP85 GSEELRLAS (SEQ ID 86) 
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MI.IAP276 APGLQIiCPX <SEQ ID 276) 
MI.1AP31 6PRSLOSPVL (SEQ ID 315) 
HLXAP190 APSVPASGY (SEQ ID 190) 

5 HLA-B27 

MLIAP32 PRSLGSPVL (SEQ ID 33) 

MLIAP236 ARDVEAQliR (SEQ ID 236) 

MLIAP289 VRSRVRTFL (SEQ ID 289) 

MIiIAP237 RDVEAQLRR (SEQ ID 237) 

10 MI*IAP76 SROPAFPQH (SEQ ID 77) 

MI.IAP122 V'RCPPCDGGL (SEQ ID 316) 

MliXAP244 RRIiQEERTCK (S^ ID 317) 

HLIAP249 ERTCKVCLDR (SEQ ID 318) 

15 A very preferred pepUde Is MUAP245 R L Q E E RT C K (SEQ ID 245). 

In another embodiment of the present Invention preferred fragments of ML-IAP are 
fnagments which may give rise to a specific T-cell response without leading to anti- 
body production. Epitopes only leading to a T-cell response, but not an IgG re- 
. 20 sponse have been described In the prior art (Ennis et al., 1982. Battegay et al., 
1993). 

Methods of Identifvino fragments 

25 

In one aspect the present Invention also relates to methods of selecting a peptide 
comprising a fragment of ML*4AP for use in a vaccine composition comprising the 
steps of 

30 i) Providing an individual who has not been subjected to immune therapy 

•ii) Providing fragments of ML'IAP 

III) Testing specific T-cell responses against fragments of ML-IAP in said In- 
dividual 

iv) Selecting fragments of ML-IAP wherein said T-celi response corresponds 
35 to or is better than a predetermined selection criterium. 
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The T-oell response may be tested according to any suitable method, it Is however 
preferred that testing salrfT-cell response ctsmprises an ELISPOT assay. The 
ELISPOT assay is preferably the assay described herein above. 

5 

Preferably, fragments giving rise to more than 50 peptide specific spots per 10^ cells 
m an EUSPOT assay, preferably the ELISPOT assay described herein above, are 
selected. * 

10 Vaccine compositions and uses thereof 

The present invention in one embodiment Is directed to an Immunc^enic composi- 
tion such as a vaodne composition capable of raising e.g. a specific T-ceil response. 
The vaccine composition comprises ML-lAP (SEQ ID NO:1), and/or one or more 

1 5 fragments thereof. Preferably, the vaccine compositions comprise isolated ML-IAP 
and/or one or more isolated fragments thereof. The terms "ML-IAP peptide" as used 
herein below refers to ML-iAP (SEQ ID NO:1) and fragments thereof as described 
herein elsewhere. Any of the ML-IAP fragments described herein above may be 
comprised within said vaccine, In partcular the preferred ML-IAP fragments de- 

20 scribed above may be comprised within a vaccine. 

Hence, the vaccine compositions according to the invention may comprise more 
than one different IML-i AP fragment, sudi as 2, for example 3, such as 4» for exam- 
ple 5, such as 6, for example 7, such bs 8, for example .9, such as 10. such as a 
25 number of fragments in the range of from 5 to 10, for example in the range of from 
10 to 1 6, such as In the range of from 1 5 to 20, for example In the range of from 20 
to 30, such as in the range of from 30 to 40, for example in the range of from 40 to 
60, such as In the range of from 60 to 100, for example in the range of from 100 to 
200 dKferent ML-IAP fragments. 

30 

In one embodiment of the present Invention the different ML-IAP fragments are se- 
lected so that one vaccine composition comprises fragments capat>le of associating 
with different MHC molecules, such as different MHC class I molecule, l.e. the ML- 
IAP fragments are restricted to specific HLA's. Preferably, one vaccine composition . 
35 comprises fragments capable of assodating with the most frequently occum'ng MHC 
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cia66 1 molecules. Preferred MHC dase I moieades are listed herein elsewhere. 
Hence preferred vacdne cosnposflions comprises different fragments capable of 
assoctafing with at least 2 preferred, more preferably at least 3 preferred, even more 
preferably at least 4 preferred MHC class I molecules. 

5 

In another embodiment of the invention, the vaccine composition comprises one or 
more fragments capable of asaodatina to an MHC dass I molecule and one or more 
fragments capable of associating with an MHC dass H mdecule. Peptide vacdne 
preparations capable of being usec| In accordance with the present Invention may 
10 thus comprise a dass l-restrictad ML4AP peptide and/or a dass IMBStricted ML-IAP 
peptide and/or fusion peptides comprising both peptides. Hence, such a vacdne 
composition is preferably capable of raising a specific cytotoxic T-cells response 
and/or a spedfic helper T-cell response. 

15 The vaccine composition can further comprise an adjuvant and/or a carrier. Exanv 
pies of useful ad|uvants and carriers are given herein below. Thus ML-IAP, or the 
fragment thereof, present In the composition can be associated with a carrier sudi 
as e.g. a protein or an antigen-presenting cell such as e.g. a dendritic cell (DC) ca- 
pable of presenting MUl AP or a fragment thereof to a T-celL 

20 

AcQuvants are any substance whose admixture Into the vaccine composition in- 
creases or othenvlse modifies ttie Immune response to ML-IAP or a fragment Carri- 
ers are scaffold structures, for example a polypeptide or a polysaccharide, to whidi 
ML-IAP, or the fragment thereof le capable of being associated. 

25 • 

. Adjuvants could for example be selected from the group consisting of: A1K(S04)2. 
AINa(S04)2, AiNH4 (SO4), Silica, alum. AI(OH)3. Ca^ {POa)2, kaolin, cartoon, alumi- 
num hydroxide, muramyl dipepUdes, N-acetyl-muramyl-L-threonyl-D-isoglutamine 
(thr-DMP), IM-aoetyl-nomuramyl-L-alanyl-D-lsoglutamlne (CGP 11687, also referred 

30 to as nor-MDP), N'^cetylmuramyul-L-alanyl-D-isoglutamlnyl-L-dlanIne-2-(1 

dipalmitoyl-sn -glycero-3-hydroxphosphoryloxy)-ethylamlne (CGP 1983SA, also re- 
fened to as MTP-PE). RIBI (MPL+TDM+CWS) In a 2% aqualenen"ween-80.RTM. 
emulsion, lipopolysaccharides and its various derivatives, including lipid A, Freund's 
Complete Adjuvant (FCA), Freund's Incomplete Adjuvants, Merck Adjuvant 65. 

35 polynucleotides (for example, poly IC and poly AU adds), wax D from Mycobacte- 
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lium, tuberculosis, substances found In Cbrynebacterlum parvum, Bordetella per* 
tussis, and members of flie genus Bruoelia, liposomes or other lipid emulelons. . 
Tilermax, ISCOMS. Qui! A. ALUN (see US 58767 and 5.554,372). Upld A deriva- 
tives, choleratoxin derivatives, HSP derivatives, LPS derivativeSt synthetic peptde 
5 matrixes or GMDP. Interieukin 1. Interieukin 2, Montanide ISA-51 and QS-21. Pre- 
ferred adjuvants to be used with the invention include Montanide ISA-51 and QS-21. 

Montanide ISA-51 (Seppic, Inc.) Is a mineral oil-based adjuvant andogous to Incom- 
plete Freund's acQuvent, which must be administered as an emulsion. QS-21 (Anti- 
10 genics; Aquila Biophannaceuticals. Fiamlngham. MA) is a highly purified, water- 
soluble saponin that handles as an aqueous solution. QS-21 and Montanide ISA-51 
adjiA/ants can be provided in sterile, single-use vials. 

Additional prefen-ed adjuvants capable of being used in vaccine compositions com- 
15 prislrtg MUIAP. and/or one or more fnagments thereof, are e.g. any substance which 
promote an immune responses. Frequently, the adjuvant of choice is Freund's com- 
plete or incomplete adjuvant, or Idlled B. pertussis organisms, used e.g. in combina- 
tion with alum precipitated antigen. A general discussion of adjuvants Is provided In 
Coding, Monoclonal Antibodies: Principles & Practice (2nd edition, 1986) at pages 
20 61-63. Goding notes, however, that when the antigen of Interest Is of low molecular 
weight, or is poorly immunogenic, coupling to an immunogenic earner is recom- 
mended. Examples of such carrier molecules Include keyhole limpet haemocyanin, • 
bovine serum albumin, ovalbumin and fowl Immunoglobulin. Various saponin ex* 
tracks have also been suggested to be useful as adjuvants in Immunogenic oompo- 
25 sitJons. Recently, It has been proposed to use granidoc^e-macrophage colony 

stimulating toctar (6M-CSF), a well known cytokine, as an adjuvant (WO 97^0816). 

Desirable functionalities of adjuvants capable of being used In accordance with tlie 
present invention are listed In the below table. 

30 
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Ta^l Modes of edjuvani ecfbn 



1. hnsamareotl&tttan Onm^ssmsatadkxiilaorgi^^ U^ggastoaclirncBnaicapvqft.dtMtanBl'nil or 

e.PnasnaOan So^^ye^^eihtemotBaiseaereenpfejceawHdri tnei»atadf >mwan^ eialboflyiB8pBnMLQiaiiflC 

* ttteQ0tftfaa»loctfi«lanacin«rtol|iBii^ ^In^lo proem rpraxniiaiess popatoC3)iuioMi 
wrfaooMHC-l 

8. 0«peS omfaAM • wtocinManloi ttnntinm QQcliiMM . . ^ 



Source: John C. Cox and Alan R. Coulter,. Va(xdne 1997 Feb;1S(3}:248-S6) 

A vaccine composition according to the present invention may comprise more than 
one different adjuvant Furthermore, the invenfion encompasses a therapeutic com- 
position further comprising any adjuvant substance including any of the alx>ve or 
combinations thereof. It Is also contemplated tfiat ML-IAP. or one or more fragments 
thereof, and the adjuvant can be administered separately In any appropriate se- 
quence. 



A carrier may be present Independently of an adjuvant. The function of a carrier can 
for ^cample be to increase the molecular weight of in particular ML-IAP fragments In 
order to Increase their activity or immuuiogenidty» to confer stability, to increase the 
biological activity, or to increase serum half^life. Furthermore, a carrier may aid pre- 

15 senting ML-IAP, or the fragments thereof to T-ceils. The carrier may be any suitable 
carrier Icnown to the person skilled in the art, for example a protein or an antigen 
presenting cell. A carrier protein could be but is not limited to keyhole limpet hemo- 
cyanln. serum proteins such as transferrin^ bovine serum albumin, human serum 
albumin, thyroglobulln or ovalbumin, immunoglobulins, or hormones, such as insuHn 

20 or palmitic acid. For Immunization of humans, the carrier must be a physiologically 
acceptable carrier acceptable to humans and safe, i-lowever, tetanus toxoid and/or 
diptheria toxoid are suitable carriers in one embodiment of the Invention. Alterna- 
tively, the carrier may be dextrans for example sepharose. 

25 In one embodiment, the vaccine composition may comprise dendritic ceds. The 

dendritic cells (DC) may t»e prepared and used in therapeutic procedure according 
to any suitable protocol, for example as described herein tselpw it will be appreci- 
ated by the person skilled In the art that the protocol may be adopted to use with 
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patients wiUi different HLA type and different diseases. The peptide In the below 
procedure can be any fragment of ML-1 AP such as e,g. fragments of ML-1AP de- 
scrit>ed herein, In particular preferred fragments of ML-IAP described herein. 

5 DC-based vaccines and theraOQutic procedures using DC 

Cancer patients such as e.g. stage IV metastatic melanoma patiente with progres- 
sive disease were entered into a DC-based vacdnation trial e.g. after having felled 
to respond to bhemotherapy. All patients provided Infomied consent to participate In 
the experimental vaccination end to donate blood for Immunological monitoring. 

10 

Serological HLA typing revealed that the patients were HLA-A2. Dendrite cells (DC) 
were pulsed with 50 jig/ml HLA-restrfcted peptide for 1 h at 37"C peptide and 5 x 
10^ cells were administered subcutaneously at day 1 and 14, subsequently every 4 
weeHs, additional leukapiieresis after 5 vaccinations. 

15 

All vaccine preparations were highly enriched in mature DC wfth > 90% showing a 
characteristic phenotype by flow cytometry CD86+*m>, CI3404-. 

CD25+, CD14-). More tiian 80% of the cells expressed the CD83 antigen as mariner 
for mature DC. The peptide used In the vaccination trial were synUiesized at a GMP 
20 quality by Ctinalfa (purity >98%}. 

The generation of DC for cHnlcal use and qualify control was performed as de- 
scribed (1). PBMC were plated In 85 mm dishes (either bacteriological. Primaria or 
Tissue culture dishes. Falcon. Cat. No. 1005, 3038 or 3003; Becton Dickinson, Her- 

25 shey, USA) at a density of SOxio^ ceils per dish in 10 ml of complete culture me- 
dium and Incubated at 37-C and 5% C02 for 1 h. After a microscopic control of ad- 
herence, the non-adherent fraction was removed and 10 ml of fresh, warm complete 
medium (RPM1 1840 (Prod. Nr. 12-167. Bio Whittaker, Walkerevilie. USA) supple- 
mented wfth gentamicin (Refobacin 10, Merck, Damnstadt, Germany) at 20 jig/ml 

30 final concentration, glutamine at 2 mM final concentration (Prod. Nr. 17-605. Bio 
Whittaker) and 1 % heat inactivated (5r for 30 min) human plasma)'wer0 added 
(dayO)* 

The non-edherent fractions were centrifuged and plated once more In new 85 mm 
35 tlssue-cutture^ishes for readherence. The non-adherent fraction from these ^re- 
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plate* dishes was discarded after 1 h adherence. All adherent fractions were cul- 
tured until day 1* then culture medium was taken oiT carefully so that loosely adher- 
ent ceils were not removed, and new culture medium containing GM-CSF (800 U/ml 
final concentration) and IL-4 (1000 U/ml final concentration) was added. Cytokines 

5 were added again on day 3 in 3 ml fresh medium (containing 6000 U GAA-CSF and 
10.000 U IL-4) per dish. On day 5 all non-adherent cells were harvested, counted 
and replated in fresh complete medium (containing cytokines in the same dosage as 
d^cn*bed above) !n.6 well plates at a density of 5^10^ oensAweil in 3 ml medium. On 
day 6 750 fii monocyte condiSoned medium (MOM) were added) to induce matura- 

10 tlon of DC, and on day 7 or 8 cells were han/ested. 

*MCM (monocyte conditioned medium) was prepared In the following way: Ig coated 
bacteriological plates (85 mm. Falcon 1005) were prepared immediately prior to use. 
As immunoglobuKn we used Sandoglobin^ (Novartls). Coating was perfomied with 

15 10 ml of diluted (with PBS without calcium or magnesium. Bio Whitlaker) bnmuno- ' 
globulin (10 )ig/rnl) for 10 min at room temperature. After the coating procedure 
plates were rinsed twice with PBS without calcium or magnesium (Bio Whlttaker). 
50x10^ PBMC were plated on these dishes In complete medium without cytokines 
and incubated at 37**C, 5% CO2 for 20 h. Then the monocyte conditioned medium 

20 was harvested, centrif uged at 1 360 g for 1 0 mIn (22*C), sterile filtered (0.22 jim fil- 
ters, Mllllpore. IWolshelm, France) and frozen down in aliquots at -20"C. 

1. B.Thumer, CRoder, D.pieckmann. M.Heuer. M.KnJ8e, A.GIaser, P^Keikavoussi, 
E.Kampgen, A.Bender, and G.Schuler, Generation of large numbers of fully mature 

25 and stable dendritic ceils from leukapheresis products for clinical application [pub* 
fished erratum appears In J Immunol Methods 1999 Apr 22;224(1-2):2111, 
J.lmmunol. Methods 223:1 (1999), 

2. C.Schelbenbogen, K.H.Lee, S.Mayer, S.Stevanovic, U.Moeblus, W«Herr. 

30 H.G.Rammensee, and U.Keilhqlz, A sensitive ELISPOT assay for detection of CD6^ 
T lymphocytes specific for HLA class l-blnding peptide epitopes derived from influ- 
enza proteins in the bkxxl of healthy donors and melanoma patients, CIIn.Cancer 
Res. 3:221 (1997). 
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3. H.A.Pass, S.L.Sd)warz, J.R.Wunder!Ich, and S.A.Rosenberg, ImmunizatiQn of 
patients With melanoma peptide vaccines: immunologic assessment using the 
ELISPOT, Cancer J^dJSm. 4: 316 (1998). 

5 4. F.Wang. E.Bade, CKuniyoshl, LSpears. G.Jeffery, V.Marty, S.Groshen, and 

J.Weber, Phase I triiil of e MART-1 peptide vaccine with incomplete Freund's adju- 
vant for resected highwf sk melanoma, Clln.Canoer Res. 5:2766 (1 999). 

Peptide vaccines 

10 

Vaccine compositions may t>e prepared and administered using any conventional 
protocol known by a person skilled in the art Below a non-limiUng example of prepa- 
ration of a vaccine composition according to the Invention Is given as well as a non- 
limiting example of adminstration of such as a vaccine. It will be appreciated by the 
1 5 person skjlted In the art that the protocol may be easily adapted to any of the vac- 
cine compositions described herein. 

ML-IAP peptides can e.g. be synthesized e.g. at the UVA Blomolecular Core Facility 
with a free am We NH2 terminus and free acid COOH terminus. Each was provided 

20 as a lyophiiized peptide, which was then reconstituted In sterile water and diluted 

with Lactated Ringer's solution (LR, Baxter Healthcare, Deerfield, IL) as a buffer for 
a final concentration of 67-60% Lactated Ringer's In water. These solutions were 
then sterile-filtered, placed In borosillcate glass vials, and submitted to a series of 
quality assurance studies including confirmation of Identity, sterility, general safety, 

25 and purity, in accordance with FDA guidelines, as denned in IND 6453. Tests of 

peptide stability demonstrated no decrease in purity or in the peptMe concentration* 
when these peptide solutions were stored at -20*^0 for 3 years* 

In praclical drcumstanoes, patients will receive a vaccine comprising about 100 pg 
30 of a dass I HIJV-restrfcted ML-IAP peptide with or without a dass 11 HUV-restricted 
ML-IAP helper peptide. The patients are vacdnated vrith e.g. about 100 pg of the 
class I HLA peptide !n adjuvant alone, or were vacdnated vwth e.s. about 100 pg erf 
the HLA class l-restricted peptide plus 190 (jg of the dass ll-restricted helper pep- 
tide. The higher dose of the helper peptide was calculated to provide equimolar 
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quantities of the helper and cytotoxic epitopes. Additionally, pafients can be vacci- 
nated with a longer peptide comprising the amino add sequences of both peptides. 

The above peptides, in 1-ml aqueous solution, can be administered either as a solu- 
5 tlon/suspenslon vinth about 100 pg of 08*21 . or as an emulsion with about 1 ml of 
IMontanide ISA-51 ad^uvanL 

Patients are Immunized e.g. at day 0 and months 1. 2, 3, 6. 9. and 12, with the pep^ 
tides plua ad)uvant. for a total of seven immunizations. With rare exceptions, the 
10 vaccinations are administoied to the same arm wttti each vaccine. The peptides 
were administered s.c. 

1. Kansil C. R.. Patel U., Lenniclc 1^. Mardani D. Separation and diaracterization of 
saponins with acQuvant activity from QuBiaja saponaMa l^ollna cortex. J. Immunol., 

15 146:431-437.1991. 

2. Kensil C. R., Wu J. Y., Soltysllc S. Structural and Immunological characterization 
of the vaccine adjuvant Q&21. PhannaceuL Biotechnol., 6: 525-541, 1995. 

20 MHC moleculas 

In one embodiment of the present invention preferred I^L-iAP fragments are frag- 
ments capable of associafbig yOh an MHC molecule. Because different MIHC mole- 
cules have different affinities for a given peptide, different ML-JAP fragments may be 
25 preferred with different embodiments of the invention. The invention also relates to 
compositions comprising different ML-IAP fragments, which preferably have affinity 
for different MHC molecules 

Preferred MHC molecules according to the present invention are MHC dass I mole- 
30 cules and MHCclass II molecules, more preferably MHC cless I molecules. 

Preferred MHC class I molecules are the most commonly occurring MHC class 1 
molecules. In one embodiment of the present invention the preferred MHC class I 
molecules may be selected from the group consisting of HLA-A2. HLA-A1. HLA-A3, 
36 HLA-A24, HLArB7,HI7V-B27andHLA-B44. 
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Preferred compositions according to the present invenfion comprises at least 1. 
more preferably at least 2, even more preferably at feast 3, yet more preferably at 
least 4. for example at least 5, such as at least 6. for example 7 different ML-lAP 
5 fragments each capable of associating with a different HLA moleojle selected from 
the group consisting of HLA-A2. HLA-A1. HLA-A3. HLArA24. HLA-B7, HLA-B27 and 
HLA-B44. 

By way of example, a preferred oomposffion may comprise one ML-lAP peptide ca- 
10 pable of assodating with HLA-A2 and an ML-lAP peptide capable of associating 
. with HLArAI and an ML-lAP peptide capable of associating with HLA-A3 and an 
ML-lAP peptide capable of associating with HLA-A24. 



15 Ex vivo methods for obtaininQ and cajltlvatlno T>cells 

In one embodiment the pr^ent Invention relates to a method for activafing and ex** 
panding T-cells specific for ML-lAP or fragments thereof as well as to T-cells ob- 
tained by such methods. Preferably, the methods related to cytotoxic T-cells specific 
20 for ML-iAP fragments. The methods preferably comprise the steps of co-cultlvating 
T-cells and ML-lAP, or at least one fragment thereof, thereby activating the T-cells, 
and optionally Isolating activated ML-iAP spedfic T-cells or ML-IAP fragment spe- 
cific T-cells. 

25 Co-cuKivafing T-cells and ML-IAP or fragments thereof may be done by any con- 
ventional method^ For example methods Involving antigen presenting cells, such as 
dendritic cells (DC) may be used. The method may thus comprise generating and 
loading monocyte-derived dendritic cells (DC) with ML-IAP fragment(s} and co- 
cultivating said DC and periflral blood monocytes (PBMC) comprising T-cells or T- 

30 cells purffied from PBMC. Optionally the MLrlAP speclOc T-celis may then be Iso- 
lated. Preferably, the ML-IAP specific T-cells are cytotoxie T-cells. 

One preferred method for generating and loading of monocyte-derived DC and for 
co-cultivating DC and perifiral blood monocytes (PBMC) is described herein above 
35 in the section "Expansion oC antigen specific CTL using antlgen-4oaded CD": 
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However, different kinds of antigen presenting cells (APC) may be used with the 
invention. 

5 In one example, ttiere is provided a method for in vitro immunization with Drosophila 
Cells as APCs. Hence, the method may comprise generating DrosphUa mefano- 
gasfer ceils expressing one or more different HLA molecules, loading raid Droso- 
phila me/anogasfer cells with IWIL-I^ fragment(s) and ooHUdtivatlng said Drosphila 
cells with periTifBl bkxxi monocytes (PBMC) comprising T-^Ils or T-cells purified 

10 from PBMC. Thereby, ML-IAP specific TK:elI$ may be generated. Preferably, said T- 
cells are cytotoxic T-cells. Optionally. T-cells may subsequently be Isolated. One 
advantage of using Drosophila melanogaster cells is that they are non-vtabie at 
37«C. 

15 DrosophBa malant^star cells were used as APCs (1 .2) Thesecelis are efficient 

vehicles for the presentation of peptides in the context of HI.A class 1. especially for 
de novo immunizaUon of CD8^ CTL Hie Schneider S2 Drosophila cell line (Ameri- 
can Type Culture Collection CRL 10974, Rockvllle, t/iD) was transduced with Hl^- 
A2.1, CD80 (87-1) and CD54 (Intracellular adhesion molecule-1) with a pRmHa-3 

20 plasmid vector. Drosophila cells were grown in Schneider's medium (1 0^ cells/mL) 
with 10% fetal bovine serum and CUSO4 at 27""^ the optimal temperature for these 
Insect cells. They were harvested, washed, and resuspended in X-press medium 
(Bio WhiUaker, Waikersviile, MD) containing 100 pg/mL of the HLA-restricted pep- 
tide epitope. 

25 

CD8^ T cells were obtained from peripheral blood mononuclear celts (PBMCs) by 
positive selection with a novel anti-CD8 monoclonal antibody (nnAb) captured with a 
sheep anti-mouse magnetic bead (Dynai, Lake Success. NY) (3). 

30 After Incubation at 27*C with the HLA-restricted peptide epitope for 3 hours, the 
Drosf^hila cells were Incubated vOh the CDS* T cells at 37"C at a retk> of 1:10 in 
RPM1 1640 medium containing 10% autologous serum. Two days later, 20 iU of iL'-2 
and 30 IU of IL-7 were added to the growth medium. Incubation was continued for 1 
week, after when the Drosophila cells were replaced with autologous irradiated 

35 PBIMCs (30 Gy) and the Hl^-restricted peptide. This was repeated for one addi- 
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lional round of sfiinulation» after when the CDS*' T cells were tested for cytotoxicity 
by a 4-hour^^c:r release assay. The ftnal preparation contained at least 92% CDB^ T 
cells, with 4% or less CDie* (natural killer) cells and 4% or less CD4^ T oeDs. 

5 The present Invention also relates to methods of treating a clinical condition In an 
Individual In ne&l thereof, comprising (re)lnfuslng MUAP specific T-cells into. Fur- 
thenmore the Invention relates to use of Ii4L-IAP specific T-cells for the preparation of 
a medicament for treatment of a clinical condition in an individual in need thereof 
and to medicaments for treating a clinical condition comprising ML-IAP specific T- 
10 cells as acttva ingredient. 

(Methods of (re)lnfuslng T-cells to an Individual are known In the art. One example of 
a suitable method is oOtlined Herein betow. 

IS in yet another embodiment there Is provided a method for obtaining T cells from ari 
Individual and reinfusing the T cells after immunization ex ^vo. Leukdpheresls was 
performed to obtain approximately 1 x 10^**penpheral-blood mononuclear cells 
(PBMCs). After three rounds (3 weeks) of In vitro immunization, formal mycologic 
and bacteriologic testing was performed to verify sterility b^ore the ceils werB ad- 

20 minist^ed. 

No Dmsophlia cells remained in the CTL preparation after the Immunization proce- ' 
dure. Drosophna cells are viable at 27»C but are nonviable at 37*'C. Furthermore, 
two rounds of Immunization with changes of medium each time were performed 
25 subsequent to the initial immunization with the fly cells. Finally^ the polymerase chain 
reaction was used In order to detiect residual Drosophfta DNA In the final preparation 
of CTL before reinfusion. Drosophila DNA was unifonnly absent by this sensitive 
method. 

30 For infusion into the patient, the CTLs were resuspended in200 mL of 0.9% saline 
with 5% human serum albumin in a transfer pack (Baxter [McGaw Park, IL] catalog 
no- '4/?-2014 plastic blood cell infusion bag) and were administered intravenously 
over a period of 1 hour on the stem-cell transplantaUon unit Experienced nurses 
took vital signs eveiy 15 minutes and monitored the patients for signs of toxicity or 

35 immediate hypersensitivity reactions. 



45 



'03 11:17 PAX +45 33320384 



HOI BERG A/S 



•* PATENT-OG VAREIUE B|046 



P734DK00 

44 



References 

1 . Cai Z, Brunmark A, Jadcson MR, at al: Transfected drosophBa cells as a probe for 
defining the minimal requirements for stimulating unprimed CD8^ T cells. Proc Natl 

5 Acad SciUSAQS: 14736-14741, 1996 

2. Sun S. Cai Z, Langlade-Demoyen P, et al: Dual function of Drosophila cells as 
APCs for naive CDS^ T cells: Implications for tumor immunotherapy. Immunity 4: 
555-564, 1996 

10 

3. Luxembourg AT, Bonow Teyton L, et al: Biomagnetic isolation of an&gen^ 
specific CDS* T ceils usable in Immunotherapy. Nat Blotechnol 16: 281-285, 1998 

Combination theraov 

15 

The present Invention hirthermore relates to pharmceuHcal compositf ons and Mt-of- 
parta for use In combination therapy. 

Combination therapy as used herein denotes treatment an Individual in need thereof 
20 virtth more than one different method. Hence combination therapy may in one aspect 
involve adminstiation of a pharmaceutical oompodtlon or a kit of parts comprising a 
vaccine composition as described herein above and an anti-cancer medicament 
Anti-cancer medicaments may be any of the medicaments described herein below, 
for example a chemotharapeutic agent or a immunotherapeutic agent 

25 

- In particular combination therapy may Involve administration to an Individual of a 
chemotherapeutic agent and/or an Immunotherapeutic agent in combination w^th 
one or more of i) ML-IAP, or a fragment thereof, ii) an antigen presenting cell pre- 
senting MUIAP, and iii) an activated. ML-lAP peptide specific T-ceil. However, com- 
30 bination therapy may also involve radiation therapy, gene therapy and/or surgery. 

Combination therapy thus may include administration, simultaneously, or sequen- 
dally in ahy order, of e.g.: 
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i) ML-IAP and/or fragments thereof at least one chemotherapeutiG agent 
iO ML-lAP and/or fragments thereof ^ at least one immunotherapeutic agent 
111) Antigen presenting cell presenting ML-IAP and/or fragments thereof + at 

least one chemotherepeutio agent 
5 iv) Antigen presenting cell presenting ML-IAP and/or fragments thereof ^ at 

least one immunotherapeutic agent 

v) Activated T-cells ^ at least one chemotheiapeutlc agent 

vi) Activated T-cells + at least one immunotheFapeutic agent 

10 Further combinations Include I) and, II); ill) and Iv); v) and vi); I) and ill); I) and h/), i) 
and V); i) and vi); ii) and in): li) and iv); ii) and v); ii) and vQ; ill) and v); iii) and vi); iv) 
and V); iv) and vi); i) and iv) and any of v) and vi). 

The ChemotherapeutiG agent can be e.g. methotrexate, vincristine, adriamycin. cis- 

15 platin, non^ugar containing chforaethylnitrosoureas. S-fluorouradi, mitomycin 

bleomycin, doxorubidn, dacarbazine, taxoL fragyllne, Meglamlne GLA, valrublcln. 
carmustaine and poliferposan, MM1270, BAY 12-9566. RASfamesyi transferase 
inhibitor, famesyi transferase Inhibitor, MMP, MTA/LY231514, LY2B4618A.ometexol. 
Glamolec, CI-994. TNP-470. Hycamtin/Topotecan, PKC412, Vaispadar/PSC833, 

20 Novantrone/MitroxanlronB, Metaret/Suramin, Batimastat. E7070, BCH-4556, CS- 

682, 9-AC, AG3340. AG3433, lnceyVX-710, VX-8S3. ZD0101. 181641, ODN 698, TA 
2516/Mannlstat. BB25ie/Marmlstat, CDP 845. 02163, PD183805, DX8951f. Lem- 
onal DP 2202, FK 317, Picibanil/OK-432, AD 32A^a1nibicin, Metaatron/strontium 
derivative. Temodal/Temozolomide, Evacet/llposomal doxorubicin, Yewta- 

25 xan/Placlitaxel, Taxol/Paclltaxel, Xeload/Capecitabine. Furtulon/Doxifluridine. Cy- 
clopax/oral paclitaxel. Oral Taxold, SPU-077/Ci8platln, HMR 1276/Flavopiridol, CP- 
358 (774)/EGFR, CP-609 (754)/RAS oncogene Inhibitor, BMS-1 82751 /oral plaUnum, 
' UFT(Tej3afurAJracil), Ergamlsol/Levamisole, Ennuradl/776G85/SFU enhancer, 
Campto/Levamisole, Camptosar/lrtnotecan, Tumodex/Ralltrexed, Leus- 

30 tatin/Cladribine. Paxex/Paclitaxel. DoxiVliposomai doxombicin, Caelyx/Hposomal 

doxombicin, Fludara/Fludarabine, Phannarubicln/Epirubldn, DepoCyt, ZD1839, LU 
79553/Bis-Naphtalimlde, LU 103793/Dolastaln. Caetyx/llposbmal doxombicin, 
Gemzar/Gemcitabine, ZD 0473/Anonned, YM 116, Iodine seeds, CDK4 and CDK2 
inhjl>itors. PARP Inhibitors. D4809/Dexifosamide, Ifes/Mesnex/lfosamide. Vu- 

35 mon/Tenlposide, Paraplatin/Carboplatln, Plantlnol/cisplatin, Vepeside/Etoposlde. ZD 
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0331 , Taxotere/Docetaxel, prodrug of guanine arabinoside* Taxana Analog, ni- 
trosoureas, alkylafing agents such as metptielan and ^clophosphamida, Amlno- 
glutethlm!de. Asparaginase. Busulfan^ Carlraplatln* ChlorombudI» Cytarabine HCl, 
Dactinomycin. Daunorubidn HCl, Estramustine phosphate sodium, Etoposlde 

5 (VP18-213). Floxuridlne, nuorouracfl (5-FU), Flutamide. Hydroxyurea (hydroxycar- 
bamide), Ifosfamlde, Interferon Alfa-2a, Alfa-2b, Leuprofide acetate (LHRH-releasing 
factor analogue), Lomustlne (CCNU), Mechlorethamine HCl (nitrogen mustard), 
Mercaptopurlne, Mesna, Mitotane (o.p*-DDD), MUoxantrone HCl, OctreoQde, Plica- 
mycin. Procarbazine Hd, Streptozsocin, Tamoxifen citrate. Thioguanine, Thiotepa, 

10 Vinblastine sulfate. Amsacrine (nvAMSA). AzacWdlne. ErthropoIetin. Hexamethyl- 
melamlne (HMM), Interleukln 2. Mitoguazone j[methyl-GAG; methyl glyoxal bis- 
guanylhydrazone: MGBG). Pentostatin (i'deoxycoformycin), Semusttne (methyl- 
CCNU). Tenlposide (VIVI-26) and Vlndeslne sulfate. Furthermore, the chemo- 
theraputic agent may be any of the chemotherapeutic agents mentoned In table 3 of 

15 US 6,482,843 column 13 to 16. 

The immunotherapeuHc agent can be e.g. Ributaxin, Heroeptin, Quadramet. 
Panorex. iDEOY2B8. BEC2, C225. Oncolym. SMART Ml 95. ATRAGEN, Ovarex, 
Bexxar. LDP-03, lor t6. MDX-210. MDX-11. MDX-22. OV103. 3622W94, anti-VEGF, 
20 Zenapax, MDX-220, MDX-447. MELlMMUNE-2. MELIMMUNE-1 , CEACIDE. Pre- 
target, NovcMAb-G2, TNT, Gliomab-H, GNI-250, EMD-72000. LymphoClde, CMA 
676, Monophanm-C. 4B5, lor egf.rS. lor c5, BABS. anti-FLK-2, MDX-260, ANA Ab, 
SMART 1D10 Ab, SMART ABL 364 Ab and lmmuRAIT*CEA. Furthennore the Im- 
mur^otherapeutic agent may be any <^okine or Interferon. 

25 

The therapeutic compositions or vaccine comf>osltions of the Invention can also be 
used In combination with other anti-cancer strategies, and such combination thera- 
pies are effective in inhibiting and/or eliminating tumor growth and metastasis. The ' 
methods of the present invention can advantageously be used vulth other treatment 
30 modalities, including, without limitation, radiation, surgery, gene Oierapy and che- 
motherapy. 

"Combination therapy* can include the introducUon of heterologous nucleic adds 
into sultable cells, generally Icnown as gene therapy. For example gene therapy may 
35 involve introduction of tumour suppressor genes or apoptosis promoting genes into 
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tumour cells. Attematively, nudeic add sequences inhibiting e)q)ression of onco- 
genes or apoptosis inhibiting genes may be introduced to tumour ceils. Furthemiore. 
genes that encode enzymes capable of confemng to tumor cells sensifivity to che- 
motherapeutic agents may be introduced* Accordingly, the present invention in one 

5 emt>odlment provides a metiiod comprising the step of treating cancer by introduo- 
ing a gene vector, encoding a piotein capable of enzymatic^lly converting a prodrug, 
Le., a norvtoxic compound^ into a toxic compound. In the method of the present in- 
vention, the therapeutic nudeic add sequence is a nucldc add coding for a product, 
whertin the product causes cell death by itself or in ttio presence of other drugs. A 

10 representative example of such a therapeutic nucleic add is one, which codes for 
thymidine Icinase of herpes simplex viois. Additional examples are thymidine kinase 
of varioeila zoster virus and the baderial gene cytosine deamlruise, whidi can con- 
vert 5-fluoFocytosine to the highly to)dc compound 5-fluorouradl. 

15 Clinical Indications capable of being treated with the present Irwenfion 

The vacdne compositions or the therapeutlc/phannaceuticdl compositions dteloosed 
herein may be used to treat a number of different clinical conditior^. Furthermore, 
the present Invention relates to methods of treatment of said clinical conditions in an 
20 Individual In need thereof, methods of diagnosing said dinical conditions and use of 
ML-lAP or fragments thereof for preparation of a medicament for treatnr^nt of a 
qllniral condition In an individual In need thereof as well as to medicaments for 
treating a clinical condition comprising ML-IAP or fragments thereof as adlve 
ingredient 

25 

in a preferred embodiment of the invention, the clinical condition is a cancer. The 
term "cancer^ as used herein is meant to emcompass any cancer, neoplastic and 
preneoplastic disease. Said cancer may for example be selected from the group 
consisting of colon cardnoma, breast cancer, pancreatic cancer, ovarian cancer, 

30 prostate cancer, fibrosarcoma, myxosarcoma, llposarooma, chondrosarcoma, 
osteogenic sarcoma, chordoma, angiosarcoma, endotheiiosarcoma, 
lymphangeosarcoma, iymphangeoendotheiia sarcoma, synovioma, mesothelioma, 
Ewing's sarcoma, leiomyosarcoma, rnabdomyosarcoma» squamous ceil carcinoma, 
basal ceil cardnoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland 

35 carcinoma, papillary cardnoma, papillary adenocarcinomas, c^standeocardnoma, 
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medullary carcinoma, brondiogenic cardnoma, renal cell cardnoma, hepatoma, bile 
duct carcinoma, choriorardnoma. seminoma, embryonal carcinoma. Wilms' tumor, 
cervical cancer, testicular tumon lung cardnoma, small cell lung cardnoma, bladder 
cardnoma, epithelial cardnoma, glioblastomas, neuronomas, craru'opharinglomas, 

5 schwannomas, glioma, astrocytoma, medulloblastoma, craniopharyngioma, 
ependymoma, pinealoma. hemangioblastomet acoustic neuroama, 
oligodendroglioma, meningioma, melanoma, neuroblastoma, retlnot>la8toma, 
leukemias and lymphomas, acute lymphocytic leukemia and acute mydocytic 
polycythemia vera, mulfiple myeloma, Waldenstrom's macroglcAuHnemia, and 

10 heavy diain disease, acute nonlymphocytic laukemlas, chronic lymphtocytic 
leukemia, chronic myelogenous leukemia. Hodgkin's Disease, non-Hodgkin's 
lymphomas, rectum cancer, urinary cancers, uterine cancers, oral cancers, skin 
cancers, stomach cancer, brain tumors, liver cancer, laryngeal cancer, esophageal 
cancer, mammary tumors, dilldhood-null acute lymphoid leukemia (ALL), thymic 

15 ALL. B-c^ ALL, acute myelohl leukemia, myelomonocytoid leukemteb acute 

megakaryocytoid leukemia, BurkitPs lymphoma, acute myeloid leukemia, chronic 
myeloid leukemia, and T cell leukemia, small and large nan-small cell lung 
carcinoma, acute granulocytic leukemia, germ ceR tumors, endometrial cancer, 
gastric cancer, cancer of the head and neck, chronic lymphoid leukemia, hairy ceil 

20 leukemia and* thyroid cancer. 

In prefenred embodiments of the invention the clinical condition Is a type of cancer 
frequently expressing ML-IAP or a ^e of cancer wherein cell lines derived from 
said type of cancer frequently expresses ML-IAF. For example cell lines derived 
25 from malignant melanomas frequently express ML-IAP (Vucio, D et a!., 2000, Ash- 
hab, Y et al., 2001).. whereas cell lines derived from breast cancer often do not ex- 
press ML-IAP (Ashhab, Y., 2001). It is very much preferred however, that the dinical 
condition is a cancer expressing ML-IAP. 

In a preferred embodiment, the dinical condition is malignant melanoma. 

30 

In another embodiment of the Invention the clinical condition Is an auto-immune dis- 
ease. 

Autoimmune diseases may be loosely grouped into those primarily restricted to spe- 
35 cifto organs or tissues and those that affect the entire body. Examples of organ- 
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specific disorders (vrfth the organ BfTected) Include multiple sclerosis (myelin coating 
on nerve processes), type I cfiabetes mellitus (panoBas)* Hashimotos thyroiditis 
(thyroid gland), pemidous anamia (stomach). Addison's disease (adrenal glands), 
myasthenia gravis (a(»ftylcholfne receptors at neuromuscular junction), rheumatoid 
5 arthritis (ioint lining), uveitis (eye), psoriasis (skin), Guillain-Barre Syndrome (nen/e 
cells) and Grave's disease (thyroid). Systemic autoimmune diseases include sys- 
temic lupus erythematosus and dermatomyosRis. 

Other examples of hyperser^siSviV disorders Include asthma, eczema, atopicel der- 
10 matitis, contact dermatitis, other eczematous dermatitides, seborrheic dermatitis, 

rhinitis. Lichen planus, Pemplugus. bullous Pemphigoid, Epidermolysis bullosa, urit- 
caris, angioedemas. vascuFitides, erythemas, cutaneous eoslnophlllas, Alopeda 
areata, atherosclerosis, primary biliary drrhosis and nephrotic syndrome. Related 
diseases Include intestinal inflammations, such as Coeliac disease* procUfis, eo- 
1 5 elnophilia gastroentenfis, mastocytosis. Inflammatory bowel disease, Chrohn's dis- 
ease and ulcerative colitis, as well as food-related allergies. 

The Individual in need of treatment may be any Individual, preferably a human be- 
ing. Peptides will in general have different affinities to different HLA molecules. 
20 Hence, In the embodiments of the present Invention wherein the vaccine composi- 
tion or the pharmaceutical composition comprises ML-IAP peptides, it is prefi^red 
that a vaccine composition or a pharmaceutcal composition to be administered to a 
given individual will comprbe at least one peptide capable of assodating with HLA 
molecules of that particualr individual. 

25 

The methods according to the present invention allows vaccination even of immu- 
nologically naive individuals, because the vaccine compositions according to the 
invention preferably comprises immunologically dominant ML-IAP fragments. 
Hence, in one embodiment of the present Invention the individual in need of treat- 
30 ment has not previously been subjected to Inunune therapy against a neoplasfic 

disease. In particular it Is preferred that the individual has not previously been sub^ 
Jected to an immunotherapy that comprised immunisation with a component com- 
prising ML-IAP or a fragment thereof. Hence, for example it is preferred that said 
individual has not been Immunised with a tumour cell expressing ML-IAP. 

35 
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5 Accoitllngly. 4he invention in preferred embodiments relates to phamiaceutical com- 
positions which comprise ML-IAP (SEQ ID NO;1). and/or variants or fragments of 
these molecules as defined herein above for the treatment of pathological disorders 
related to or mediated by the ML-IAP: 

10 Pharmaceutically and/or veterinary uselul therapeutic compositions according to ttie 
Invention can be formulated acconling to known methods such as by the admixture 
of one or more pharmaceutically or veterinary acceptable exaptents or earners. Ex- 
amples of such exdpients, carriers and methods of formulation may be found e.g. in 
Remington's Phanmaoeuttcal Sciences (Maack PuWteWng Co, Easton. PA). To form 

15 a pharmaceutically or veterinary acceptable composition suitable for effective ad- 
ministration, such compositions will contain an effective amount of a polypeptide, 
nucleic add, antibody or compound modulator. 

Therapeutic or diagnostic compositions of the invention are administered to an ind'K 
20 vMual (mamn)al*human or animal) or used In amounts sufficient to treat or diagnose 
apoptosls-related disorders. The effective amount may vary according to a variety of 
ftictore such as the individual's condition, weight, sex and age. OUier factors Indude 
the mode of administration. 

25 The term functional derivative indudes a molecule that contains additional chemical 
moieties which are not normally a part of the base molecule. Such moieties may 
improve the solubility, half-life, absorption, etc. of the base molecule. Alternatively 
the moieties may attenuate undesirable side effects of ttie base molecule or de- 
crease tiie toxiaty of the base molecule. Examples of such moieties are described In 

30 a variety of texts, such as Remington'sPharmaceuticel Sclenoee. 

Pharmaceutical and veterinary compositions suitable for use In the present invention 
include compositions wherein the active ingredients are contained in an effective 
amount to achieve the intended purpose. The determination of an effective dose is 
35 well witiiin the capability of those skilled in ttie art. The therapeutically effective dose 
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can be estimated initelly either in cell culture assays, eg, of neo[dastic odis. or in 
animal models, usually mice, rabbits, dogs, or pigs. The animal model is also used 
to achieve a desirable concentration range and route of administration. Such infor- 
mation can ttten be used to determine useful doses and routes for administration in 
5 humans and other animals. A therapeufically effective dose refers to that amourtt of 
compound, peptide, anfibody or nudeic add which ameliorate or prevent a dysfunc- 
tior^ apoptotic condition. The exact dosage is chosen by the Individual physician in 
view of the patient to be treated. 

10 Compounds identified according to the methods disdosed herdn as well as, thera- 
peutic antibodies, therapeutic nudeic actds and peptides contemplated herein may 
be used alone at appropriate dc^ges defined by routine testing In order to obtain 
optimal modulation of I'lvin activity. In addition, co-adminlstration or sequential ad* 
nunistration of these and other agents may be desirable. 

15 

The pharmaceutical or veterinary compositions may be pro^rided to the individual by 
a variety of routes such as subcutaneous, topical, oral and intramuscular. Admini- 
stration of pharmaceutical compositions Is accomplished orally or parenterally. 
Methods of parenteral delivery Include topical, intra-arterlal (directly to the tissue), 

20 Intramuscular, subcutaneous, Intramedullary, Intrathecal, intraventricular, intrave- 
nous, intraperitoneai, or intranasal administration. The present invention also has 
the objective of providing suitable topical, oral, systenrdc and parenteral phannaceu- 
tical formulations for use in the novel methods of treatment of the present Invention. 
The composittons containing compounds identified according to this invention as the 

25 active ingredient for use In the modulation of a protein which mediates apoptosis 
can be administered in a wide variety of therapeutic dosage fomns in conventional 
vehicles for administration. For example, the compounds can be administered in 
such oral dosage fonms as tablets, capsules (each including timed release and sus- 
tained release formulations), pills, powders, granules, elixirs, tinctures, solutions, 

30 suspensions, syrups and emulsions, or by injection. Likewise, they may also be ad- 
ministered in Intravenous (botii bolus and infusion), Intraperftoneal, subcutaneous, 
topical witii or without occlusion, or intramuscular form, all using forms well ioiown to 
those of ordinary sidil in the phamiaceutical arts. An effective but non-toxic amount 
of the compound, nucleic acid, or peptide desired can be employed as an apoptosis 

35 modulating agent. 
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The daily dosage of the producte may ba varied over a wide range frcm 0.001 to 
1,000 mg per adult human/per day. For oral administrationp the compositions are 
preferably provided in the form of scored or unscored tablets containing 0.01 , 0.05, 

5 0.1 , 0.5, 1.0, 2.5,.5.0, 10.0, 15.0, 25.0, and 50.0 milligrams of the active Ingredient 
for the symptomatic adQustment of the dosage to the patient to be treated. An effec- 
tive amount of the drug is ordinarily supplied at a dosage level of from about 0.0001 . 
mg/kg to about 100 mg/kg of body weight per day. The range is more particularly 
from about 0.001 mg/kg to 10 mg/kg of body wdght per day. Even more particularly, 

10 the range varies from about 0.09 to about 1 mg/kg. 

Of course the dosage level will vary depending upc^ the potency of the particular 
compound. Certain compounds will be more potent than others. In addition, the 
dosage level will vary depending upon the bioavailability of the compound. The more 
1 5 bk>available ajid potent the compound, the less compound will need to be adminis- 
tered through any delivery route. Including but not limited to oral delivery. 

The dosages of livin modulators are adjusted when combined to achieve desired 
effects. On the other hand, dosages of these various agents may t>e independently 
20 optimized and combined to achieve a synergistic result wherein the pathology is 

reduced more than it would be if either agent were used alone. Those skilled in the 
art will employ different formulations for nucleotides than for proteins or tiielr Inhibl- 

tOfS. 

25 There is also provided combination therapies comprising the step of administering 
the vaccine compositions according to the invention In combination with a chemo- 
therapautic agent and/or an immunotherapeutic agent and/or a cancer vaccine. 

Variants and functional eautvalents of ML-IAP 
30 The present Invention is also directed to variants and functional equivalents of the 
above-listed fragments of ML-I/KP. 

The affinity of various HLA molecules towards a given peptide depends on the se- 
quence of said peptide. In table 2 herein below the amino acids In a givm position 
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within a peptide that results in the highest effinify of said peptide to a given HLA 
molecule are des^i^ed. 

Hence, preferred variants of WIL-IAP peptides with high affinity to a partcular HLA 
5 molecule are listed herein t^elow with an indication of the position In which a substi- 
tution preferably has occurred for each of the atx>ve-iisted fragments. The preferred 
amino acid residue in the respective position of the variant Is Indicted In the table. 

Accordingly, by way of example, a prefened ML-IAP peptide variant capable of 
1 0 . binding to HI^-BS4 has a proline at the second position. 



Table 2. Primary anchor residue motifs employed 
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Functionial equivalents and varteuita are used fnter^angably herein. When bra'ng 
polypeptides, variants are determined on the basis of their degree of identity or their 
degree of homology with any predetenmined sequence of consecutive amino acid 
sequences of a fragment of ML-IAP, such as e.g. SEQ ID NO:2 - SEQ ID NO:290. 



10 



15 



20 



25 



30 



One therefore initially define a sequence of consecutive ML-I AF amino add residues 
and then define variants and functional equivalents in relation thereto. 

Accordingly, variants preferably have at least 75% sequence Identity, for example at 
least 80% sequence identity; such as at least 65 % sequence identity, for example 
at least 90 % sequence identity, such as at least 91 % sequence Identity, for exam- 
ple at least 91% sequence identity, such as at least 92 % sequence identity, for ex- 
ample at least 93 % sequence identity, such as at least 94 % sequence Identity, for 
example at least 95 % sequence identity, such as at least 96 % sequence identity, 
for example at least 97% sequence Identity, such as at least 08 % sequence iden- 
tify, for example 99% sequence Identity with the predetermined ML-IAP sequence of 
consecutive amino add residues. 

Sequence identity Is detemiined in one embodiment by utilising fragments of pep- 
tides comprising at least 9 contiguous amino acids and having an amino add se- 
quence which is at least 80%« such as 85%. for example 90%, such as 95%, for 
example 99% identicel to the amino acid sequence of any of SEQ ID NO: 2 - SEQ 
ID NO:290, respectively, wherein the percent Identity Is detemilned with the algo* 
rithm GAP. BESTFIT, or FASTA in the Wisconsin Genetics Software Package Re- 
lease 7.0. using default gap weights. 

The following terms are used to describe the sequence relationships between two or 
more polynucleotides: "predetermined sequence*, "comparison window", "sequence 
identity", ''percentage of sequence identity*', and ''substantial identity". A "predeter- 
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mined sequence" is a defined sequence used as a basis for a sequence compari- 
sion; a predetemdned sequence may be a subset of a larger sequence. • 

Optimal alignment of sequences for aligning a comparison window may be con- 
5 ducted by the local homology algorithm of Smith and Watemian (1981) Adv, AppL 
Math. 2: 482, by the homology alignment algorism of Needleman and Wunsch 
(1970) J. Mol. Biol. 48: 443» by the search for similarity method of Pearson and Lip- 
man (1988) Prod Natl. Acad, Sd. (U.SA) 85: 2444. by oompulerteed Implementa- 
tions of these algorithms (GAP. BESTRT, FASTA, and TFASTA In the Wisconsin 
10 Genetics Software Package Release 7.0, Genetics Computer Group, 575 Science 
Dr., Madison, Wis.), or by inspecHon. and the best alignment fue., resulting In the 
highest percentage of homology over the comparison window) generated by the 
various methods Is selected. 

15 The term "sequence Identity* means that two amino add sequences are identical 
over the window of comparison. 

The term "percentage o* sequence Identity" Is calculated* by comparing two optimally 
• aligned sequences over the window of companson, determining the number of posl- 
20 tlons at which identical amino acid residues occur in both sequences to yield the 

number of matched positions, dividing the number of matched positions by the total 
number of positions In the window of comparision (i.e., the window sl2B)» and multi- 
plying the result by 100 to yield the percentage of sequence identity. 

25 As applied to polypeptides, a degree of Idenlily of aniino acid sequences is a func- 
tion of the number of identical amino acids at positions shared by the amino acid 
sequences. A degree of homology or similarity of amino acid sequences is a func- 
tion of the number of amino acids» I.e. structurally related, at positions shared by the 
amino acid sequences. 

30 

The tenn "substantial identity" means that two peptide sequences, when optimally 
aligned, such as by the programs GAP or BESTFIT using default gap weights, share . 
at least 75 percent sequence identity, such as at least 80 percent sequence identity, 
for example at least 85 percent sequence idenlily. such as e.g. at least 90 percent 
35 sequence identity, for example at least 95 percent sequence identity, such as at 
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least 98 percent sequence Identity, or even at least 99 percent sequence Identity, 
compared to a predetemnlned sequence over a comparison window of at least 9 
amino add residues, such as 10 amino add residues, for example 1 1 ammo add 
residues, such as 12 amino acid residues, for 6)^mple 13 amino add residues, such 
5 as 14 amino add residues, for example 1 5 amino add residues, such as 20 amino 
acid residues, for example 30 amino add residues, such as 40 amino add residues, 
for example 50 amino add residues, such as 60 amino add residues, for example 
70 amino add residues, such as 80 amino add.FesIdues. for example 90 amino add 
residues, such as 100 amino add residues, for example 1 10 amino add residues. 

10 such as 120 amino add residues, for example 130 amino add residues, such as 

140 amino add residues, for example 150 amino add residues, such as 175 amino 
. add residues, for example 200 amino add residues, such as 225 amino add resi- 
dues, for example 250 amino add residues, such as 275 amino add residues, for 
example 207 amino add residues. Preferably, residue positions which are not iden- 

1 5 tical differ by conservative amino add substitufions. 

An "unrelated" or "non-homologous" sequence shares less than 40% Identity, 
though preferably less than 25% Identity, with an ML-IAP amino add sequence of 
the present Invention. 

20 

Conservative amino add substitutions refer In one embodiment to the interchange- 
ability of residues having similar side chains. For example, a group off amino adds 
having aliphatic side chains is glycine, alanine, valine, leudne. and isoleudne; a 
group of amino acids having allphatio-hydroxyl side chains is serine and threonine, a 

25 group of amino adds having amide-containing side chains is asparagine and glula- 
mine; a group of amino adds having aromatic side chains is phenylalanine, tyrosine, 
and tryptophan; a group of amino acids having basic side chains Is lysine, argfnine. 
and histidine; and a group of amino adds having sulfur-contairimg side chains is 
cysteine and methionine. Prefened conservative amino acids substitution groups 

30 are: valine-leudne-lsoleudne, phenylalanine-tyrosine, lyslne^rBlnlne. alanine- 
valine, and asparagine-glutamine. 

Additionally, variants are also determined based on a predetormined number of 
conservative amino add substitutions as defined herein below. Conservative amino 
35 add substitution as used herein relates to the substitution of one amino add (within 
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a predetennlned group of amino adds) for another amino add (wilhin the same 
group), wherein the amino acids exhibit similar or substantially ^ilar character^ 
tics. 

5 Within the meaning of the term "conservaUva amino add substitution'' as applied 
herein, one amino add may be substituted for another wiUiin the groups of amino 
adds Indicated herein below: 

Amino adds having polar side chains (Asp, Glu, Lys, Arg, His, Asn, Gin, Ser, Thr, 
10 Tyr, and Cys.) 

Amino adds having non-polar side diatns (Gly, Ala, Val, Leu» He. Phe, Trp, Pro, and 
Met) 

15 Amino adds having aliphatic side chains (Oly. Ala Val. Leu. He) 

Amino adds having cyclic side chains (Phe. Tyr. Trp, His. Pro) 

Amino adds ha>^ng aromatic side chains (Phe, Tyr, Trp) 
20 ' 

Amino adds having addic side chains (Asp. Glu) 

Amino adds having basic side chains (Lys, Arg. His) 

25 Amino adds ha^^ng amide side chains (Asn. Gin) 

Amino adds having hydroxy sida chains (Ser. Thr) 

Amino adds having sulphor-cxsntalnlng side chains (Cys, Met), 

30 

Neutral, weakly hydrophobic amino acids (Pro, Ala. Gly. Ser. Thr) 
Hydrophlllc, addic amino adds (Gin, Asn, Glu, Asp), and 
35 Hydrophobic amino adds (Leu, lie, Val) 
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Aooordingly. a variant or a fragment thereof according to the invention may comprise 
at least one substitution, such as a plurality of sut^stitutions introduced independ- 
ently of one anottier. It is dear from the above outline that the same variant or frag- 
' 5 ment thereof may comprise more than one conservative amino add substitution 
from mora than one group of conservative amino acids as defined herein abowe. 

The addition or deletion of at least one amino add may be an addition or deletion of 
from preferebly 2 to 250 amino adds, sudi as from 1 0 to 20 amino adds, for exam- 

10 pie from 20 to 30 amino adds, such as from 40 to 50 amino adds. However, addi- 
tions or deletions of nriore than 50 amino adds, such as additions from 50 to 100 
amino adds, addition of 100 to 150 amino adds, additton of 150-250 amino adds, 
are also comprised within the present invention. The deletion and/or the addition 
may - independently of one another - be a deletion and/or an addition within a Be- 

15 quence and/or at the end of a sequence. 

The polypeptide fragments according to the present invention. Including any fimo- 
* tional equi\^lents thereof, may in one embodiment comprise a sequence of con- 
secutive ML-IAP amino acid residues of less than 250 amino add residues, such as 

20 less than 240 amino acid residues, for example less than 225 amino add residues, 
euch as less than 200 amino acid residues, for example less than 150 amino add 
residues, such as less than 160 amino add residues, for example less than 150 
amino add residues, such as less than 140 amino add residues, for example less 
than 130 amino add residues, such as less than 120 anrino add residues, for ex- 

25 ample less than 110 amino add residues, such as less than 100 amino add resi- 
dues, for example less than 90 amino add residues, such as less than 85 amino 
add residues, for example less than 80 amino add residues, such as less than 75 
amino add residues, for example less than 70 amino add residues, such as less 
than 65 amino acid mldues, for example less than 60 amino add residues, such ae 

ao less than 55 amino add residues, for exam^Me less than 60 amino add residues. 

such as less than 45 amino add residues, for example less than 30 amino add rasi- 
dues, such as less than 25 amino add residues, for example less than 20 amino 
acid residues, such as less than 15 amino add residues, for example 14 consecu- 
tive amino acid residues, such as 13 consecutive amino add residues, for example 

35 12 consecutive amino add residues, such as 1 1 consecutive amino add residues. 
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for example 10 eon&ecuttve amino add residues, such as 9 consecutive amino acid 
residues of ML-IAP (SEQ ID NO:1). 

'Functional equivatency as used in the present Invention Is according to one pre- 
5 ferred embodiment established by means of reference to the corresponding func* 
tionality of a predetemnined fragment of the sequence. 

Functional equivalency can be established by e.g. similar binding affinitltt to HLA 
dase I molecules, or similar potency demonstrated by ELiSPOT assays. 

10 

Functional equivalents or variants of a ML-IAP fragment as described herein will be 
understood to exhibit amino add sequences gradually differing from preferred, pre- 
determined sequences, as the number and scope of insertions, deletions and sut^^ 
stitutions induding conservative substitutions, increases. This difference is meas- 
15 ured as a reduction in homology between a preferred, predetermined sequence and 
the ML-IAP variant firagment or ML-IAP functional equlralent 

All ML-IAP fragments comprising or consisting of consecutive ML-IAP amino add 
residues as well as variants and functional equivalents thereof are induded witiiln 
20 the scope of this invention, regardless of the degree of homology they show to a 
predetemnined sequence. The reasori for this is Uiat some regions of the ML-IAP 
fiagments are most likely readily mutatable, or capable of being completely deleted, 
wittiout any significant effect on &g» ttie binding acfiviiy of the resulting fragment 

25 A functional variant obtained by substitution may well exhibit some form or degree of 
native binding activity, and yet be less homologous, if residues containing function- 
ally similar amino acid side chains are substituted. Functionally similar In this re- 
spect refers to dominant charaderistlcs of ttie side chains such as hydrophobic, 
basic, neutral or addle, or ttie prasence or absence of steric bulk. Acoortilngly, In 

30 one embodlment^of tiie invention, the degree of identity is not a prindpal measure of 
a fragment being a variant or functional equivalent of a prefen^ predetermined 
fragment according to the present invention. 

The homology between amino add sequences may be calculated using well known 
35 algorfthms such as any one of BLOSUM 30, BLOSUM 40, BLOSUM 45, BLOSUM 
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50, BLOSUM 55, BLOSUM 60, BLOSUM 62. BLOSUM 65, BLOSUM 70. BLOSUM 
75. BLOSUM 80. BLOSUM 85, and BLOSUM 90. 

Fragments sharing homology with fragments comprising or consisting of conseciN 
5 live ML-IAP amino actd residues are to be considered as falling within the scope of 
the present invention when they are preferably at least about 90 percent homolo- 
gous, for example at least 92 percent homologous, such as at least 94 percent ho- 
mologous, for example at least 95 percent homologous, such as at least 96 percent 
homologous, for example at least 97 percent homolc^ous, such as at least 08 per- 
10 cent homologous, for example at least 99 percent homologous with a predetemnined 
ML-IAP fragment According to one embodiment of the Invention the hqmology per- 
centages indicated above are identity percentages. 

Additional Motors that may be taken into consideration when detemilning functional 
1 5 equlvdence acxxsrding to the meaning used herein are i) the ability of antisera to 
detect a ML-IAP fragment according to the present invention, or ii) the ablD^ of a 
functionally equivalent ML-IAP fragment to compete with a predetenmlned ML-IAP 
fragment in an assay. One method for determining a sequence of Immunogenlcally 
active amino acids within a known amino acid sequence has been described by 
20 Geysen In US 5.595,915 and is Incorporated herein by reference. 

A further suitably adaptable method for determining structure and function relation- 
ships of peptide fragments Is described by US 6,013,478, which is herein incorpo- 
rated by reference. Ateo, methods of assaying the binding of an amino acid se- 
25 quenca to a receptor moie^ such as e.g. a T-ceil receptor are known to the skilled 
artisan. 

In addition to conservative substitutions introduced Into any position of a preferred 
ML-IAP fragments, It may also be desbabte to introduce non-conservative suhstitu- 

30 tlons In any one or more positions of such a* fragment A non-conservative substitu- 
tion leading to the formation of a functionally equivalent fragment would for example 
i) differ subslanlially in polarity, for example a residue with a non-polar side chain 
(Ala. Leu, Pro, Trp, Val, He, Leu. Phe or Met) substituted for a residue with a polar 
side chain such asOly, Ser, Thr, Cya, Tyr, Asn, or Gin or a charged amino add 

35 such as Asp, Glu, Ang. or Lys. or substituting a charged or a polar residue for a non- 
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polar one; and/or iO dlff^ substantially In its effect on polypeptide backbone orienta- 
tion su^ as substitution of or for Pro or G)y by another residue; and/or ni) differ sut>- 
stantialty In electric charge, for example substitution of a negatively charged r^idue 
such as GIu or Asp for a positively ctiarged residue such as Lys, His or Arg (and 
S vice versa); and/or iv) differ substantially in steric bulk, for example substitution of a 
bulky residue such as His, Trp, Phe or Tyr for one having a minor side c^atn, e.g. 
Ala, Gly or Ser (and vice versa). 

Variants obtained by substitution of amino adds may in one preferred embodiment 
10 be made based upon the hydrophobidty and hydrophilicity values and the relative 
similarity of the amino add side-chain substituents, including charge, size, and the 
like. Exemplary amino add substitutions which feke various of the foregoing char- 
acteristics into consideration are well known to those of skill In the art and Indude: 
argintne and lysine; glutamate end aspartate; serine artd threonine; glutamlne and 
1 5 asparagine; and valine, leucine and isoleudne. 

in a furtiier embodiment Oie present invention relates to functional variants com- 
prising substituted amino adds having hydrophlllc values or hydropathic Indices that 
are vwthin ♦/-4.9, for example within +M.7, such as wifliln +M.5, for example within 

20 +/-4.3, such as within +M.1. for example within +/-3.9, such as within +/-3.7. for 
example within +/- 3.5. such as within +/-3.3, for example within +/- 3.1 , such as 
within +A 2.9. for example within +/- 2.7, such as within +/.2.5, for example within +/- 
2.3, such as within +/- Z1, for example wittiin +/- 2.0. such as within +/- 1.8, fbr ex- 
amjrfe within +/- 1.6, such as wiUiin +/- 1.5. for example vrfthin +/- 1.4, such as within 

25 +/- 1.3 for example within +/- 1,2, such as wittiin +/- 1.1, for example within +/- 1.0. 
such as within +/- 0.9, fbr example within +/- 0.8, such as wittiin +/- 0,7, for example 
wittiln +/- 0.6, such as within +/- 0.5, for example wittiin +/- 0.4, such as wittiin +/- 
0.3. for example within +/- 0.25, such as wrttWn +/- 0.2 of ttie value of the amino add 
it has substituted. 



30 



The Importance of tiia hydrophlllc and hydropattilc amino add indices in conferring 
Interactive biologic function on a protein is well understood in tiie art (Kyte & Doolit- 
tie, 1982 and Hopp. U.S. Pat No. 4.554.101. each incorporated herein by refer- 
ence). 
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The amino aad hydropathic Indm values as used herein are: isoleudne (+4.5); va- 
line (+4.2); leudne (+3.8): phenylalanine (+2.8); cystelne/cysUne (+2.5); methionine 
(+1.9): alanine (+1 ,8); glycine (-0.4 )'; threonine (-0.7 ): serine (-0.8 ); tryptophan (- 
0.9): tyrosine (-1.3); proline (-1.6); hlstidine (-3.2): glutamale (-3.5): glutamlne (-3.5); 
5 aspartate (-3.5): aspaiagine (-3.5); lysine (-3.9); and arglnine (-4.5) (Kyto & Doomile, 
1982). 

The amino acid hydrophindty values are: arglnine (+3.0): lysine (+3.0); aspartate 
(+3.0.+'.l); glutamate (+3.0.+-.1): serine (+0.3): asparagme (+0.2); glutamlne (+0.2); 
10 glycine (0): threonine (-0.4): proline (-0.5.+-.1): alanine (-0.5); hisiidine (-0.5); cys- 
teine (-1.0); methionine (-1.3); valine (-1.5): leucine (-1.8); Isoleucine (-1.8); tyrosine 
(-2.3): phenylalanine (-2.S); tiyptophan (-3.4) (U.S. 4.594.101). 

In addition to Ihe peptidyl compounds descrll)ed herein, sterlcally similar compounds 
16 may be fomiuteted to mtmio the iwy portions of the peptide stnicture and that such 
compounds may also be used in the same manner as the pepUdes of the invention. 
This may be achieved by techniques or modeOing and chemical designing known to 
those of skill in the art For example, esterification and other alkylations may be em- 
ployed to modify the amino temiinus of. e.g., a dl^irglnlne. peptide backbone, to 
20 mimlo a tetra peptide structure. It will be understood that afl such sterically similar 
constructs fall within the scope of the present Invention. 

Variants and functional equivalents of ml-iap also includes derivatives of IWL-IAP or 
fragments thereof, for example IWIL-IAP or ML-IAP fragments substituted with one or 
25 more chemical moieties. 



Peptides with N-tennlnal alkylations and O-terminal estenfications are also encom- 
passed wlthm the present invention. Functional equivalents also comprise glycosyl- 
ated and covalent or aggregative conjugates Ibnned with the same or other ML-IAP 
firagments, including dimers or unrelated chemical mole^s. Such funcBonal 
equivalents are prepared by linkage of functtonanties to groups whteh are found in 
fragment Including at any one or both of the N- and C-tennini. by means-known In 
the art 
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FuncOohal eqi^tents may thus oomprise ML-IAP fragments conjugated to altphaGc 
or acyl esters or amides of the cafboxyl terminus, alkytamines or residues contalnir^g 
cart>oxyl side chains, e.g., conjugates to alkytamines at aspartio add residues; O- 
acyl derivatives of hydroxyl group-containing residues and N-acyl deriratlves of the 
5 amino tenr^inal amino acid or amino-group rontainlng residues. e.g. conjugates with • 
fMet-Leu-Phe or immunogenic proteins. Derivati>^ of the acyl groups are selected 
from the group of alkyl-moietles (including C3 to CIO normal alkyl). thereby forming 
aikanoyi spades, and carbopyclic or heterocyclic compounds, thereby fomning aroyi 
spedes. The reacUve groups preferably are difunctlonal compounds known per se 
10 for use in cross-linking proteins to insoluble matrices through reactive side groups. 



Covalent or aggregative funcQonal equivalents and denvatives thereof are useful as 
reagents In Immunoassays or for affinity purification procedures. For example, a ML- 
IAP fragment according to the present Invention may be insolubilized by covalent 
bonding to CYanogen bromide-adivated Sepharoee by methods Icnown per se or 
adsorbed to polyolefin suifiaces. either with or without glularaldehyde cross-linking, 
for use in an assay or purification of anti-ML-lAP fragment antibodies or cell surfeioe 
receptors. Fragments may also be labelled with a delectable group, e.g., radioiodl- 
nated by the chloramlne T procedure, oovalently bound to rare earth chelates or 
conjugated to another fluorescent moiety for use In e.g. diagnostic assays. 

ML-IAP fragments according to the bnvenOon may be synthesised both In vitro and In 
vivo. In one embodiment the ML-IAP fragments of the invention are synthesised by 
automated synthesis. Any of the commerdally available solid-phase techniques may 
be employed; such as the Men-ifieid solid phase synthesis method, tn which amino 
adds are sequentially added to a growing amino add chain. (See Merrtfleid, J. Am. 
Chem. Sec. 85:2149-2146, 1963). 

Equipment for automated synthesis cS polypeptides is commerdally available from 
suppliers such as Applied Biosystems. Ina of Foster Cfty, Calif., and may generally 
be operated according to the manufacturer^ instructions. Solid phase synthesis Will 
enable the incorporation of desirable amino acid-subsUtutlons into any ML-IAP frag- 
ment according to the present invenUon. It will be undenstood that substitutions, de- 
letions, insertions or any subcombination thereof may be combined to anive at a 
final sequence of a functional equivalent Insertions shall be understood to include 
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amincKerminal and/or carfooxyMemiinal fusions, with a hydrophobic or bniniH 
nogenlc protein or a carrier such as any polypeptide or scaffold structure capable as 
serving as a canter. 

5 Oligomers including dimers including homodlmers and heterodimers of ML-IAP 
fragments according to the invention are also provided and fall und^ the scope of 
. the invention. Functional equtvatents and variants of ML-IAP ftegments can be pro- 
duced as homodlmers or heterodimers wiOi other amino add sequences or with 
native ML-IAP sequences. Heterodimers include dimers contalrdng tmmunoreacUve 

1 0 ML-IAP fragments as well as ML-IAP fragments that need not have or exert any 
biological activity. 
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Examples 

25 The following section serves to more fully describe the manner of using the abo- 
vedescribed invention, as well as to set forth the bast modes contemplated for car- 
rying out various aspects of the Invenfion. It is understood that these examples in no 
way serve to Hmlt the true scope of this Invention, but rather are presented for illue- 
trativa purposes. 

30 

Example 1 

l^aterials anri h/|ftihfviQ 
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Peptides 

All peptides were purchased from Researdi Genetics (HuntsviRe, AL, USA) and 
pro\rided at >80% purity as verified t>y HPLC and MS analysis. Ail peptides used are 
listed in Table 1. 



^Assemhly aggay for pep tide binding to class I MHC molecutes 
Assembly assays for binding of the synthetic peptides to dass I IVAHC molecules 
met^oHcally labeled wHh pS>methlonine were carried out as described The 
assembly assay is based on stabHization of the dass I molecule after loading of 
1 0 peptide to the peptide transporter deficient cell line T2, Subsequently correctly 
folded stable MHC heavy dialns are Immunoprecipltated using confonnatlon- 
dependent antibodies. After lEF electrophoresis* gels were exposed to phos- 
phorimager screens, and peptide binding was quantitated using the Imagequant . 
Phosphorlmager program (Molecular Dynamics. Sunnyvale. CA), 

15 

Antigen stfmuiation of PBL 

To extend the sensitivity of the ELISPOT assay, PBL were stimulated once In vitro 
prior to analysis At day 0, PBL or crushed lymph nodes were thawed and 
plated In 2 mi/wel[ at a concentration of 2 x 10® cells in 24-well plates (Nunc, Den- 
20 mark) In X-vlvo medium (Bio Whittaker. Wall<ersvlllB. Maryland), 5% heat-lnactivaled 
human serum, and 2 mM of L-glutamine in the presence of 10 QM of peptide. Two 
days later 20 lU/ml recombinant interteukln-2 (IL-2) (Chiron. Ratingen, Germany) 
was added to the cultures. The cultured cells were tested for reactivity In the ELIS- 
POT on day 12. 

25 

ELISPOT assay 

The ELISPOT assay used to quantify peptide epitope-specific interferon-D releasing 
effector cells was perfonned as described previously ^\ Briefly, nitrocellulose bot- 
tomed 96-weil plates (Multiscreen MAIP N45. MilHpore. Hedehusene, Oenmaric) 

30 werecoated with antMPN-y antibody (l-DIK. Mabtech. Nacka. Sweden). The wells 
were washed, blocked by X-vIvo medium, and cells were added In dupficates at dif- 
ferent cell concentrations. Peptides were then added to each well and the plates 
were Incubated overnight. The following day, media was discarded and the wells 
were washed prior to addition of biotlnylated secondary antibody (7-B6-1-BIotln. 

35 Mabtech), The plates were Incubated for 2 hours, washed and Avidln-enzyme con- 
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jugate (AP-Avidin. Calbiochem. Ufe Technologies) was added to each weH. Plates 
were Incubated at RT for 1 hour and the enzyme substrate NBT/BCIP (GIbco, Life 
Technologies) was added to eac^ well and Inoibated at RT for 5-10 mia The reac 
tlon was terminated by washing with tap-water upon the emergency of dark purple 
5 spots. The spots were counted using the Alphalmager System (Alpha Innotech. San 
Leandro, CA. USA) and the peptide specific CTL frequency could be calculated from 
the numbers of spot-lbrming cells. The assays were an performed In duplicates for 
each peptide antigen. 

10 Example 2 

The present example demonstrates that ML-IAP is recognized as a tumor antigen in 
cancer patients as ML-IAP is subjected to T-cen responses. The amino add se- • 
quence of the ML-lAP polypeptide was screened for conceivable HLA.A2 nonamer 
15 and HLArA2 decamer peptide epitopes by using the main HU\rA2 specific anchor 
residues 

Twelve ML-IAP deduced peptides were synthesized and examined for binding to 
HLA^ by comparison with the HLA.A2 high affinity positive control epitope from 
20 HIV-1 poUn^ (ILKEPVHQV) (Table 1). The pepUde concentraUon required Itor half 
maximal recoveiy of olassi MHC (Cm value) were 0.2 yM fbr the positive control. 

Five IWIL-IAP peptides bound with similar high afUnlty as the positive control; 
MLlAPzw. MLIAPso . MLIAP,*. MLIAP54. and MUAP«, (C«, = 1. 0.2. 1. 1. and 0.9 QM. 
25 respectively) (Table 1). The peptides MLlAPaeo. MLIAPe,, andIVILIAP,« bound In 
comparison with intenmediate affinity (C50 = 20. 30 and 10 nM. respectively), 
whereas the peptides IMUAPaso and MUAp 'm bound only we^ily to1TLZA2'((^^ 
>100 iM). Two of the peptides examined (MUAPa,,, MLIAP200) did not bind to HLA- 
A2 (Table 1). 



30 



35 



Using the ELISPOT IR*7 secretion assay, we examined the presence of specHie T- 
cell responses against the ML-IAP deduced. HLArA2 binding peptides in perfpheiai 
blood T cells (n = 7) or TIL (n = 22) from melknoma patients. The high sensitivity of 
this assay allows refiable detection of as few as 10-1 00 specific T oells/l million. In 
addition, before analysis, the T-cells were stimulated once in vibv to extend the sen- 



73 



•03 11:28 PAX +45 33320384 BOIBERG A/S * PATBrr-pG VAREM« Q|074 

P734DK00 

sitivily. This meUuMj has prevfously bam shown to be highly effective to identify 
peptide epitopes recognized by CTL in cancer patientB In contrast, other ex 
vivo as^ys such as intracellular IFN-7 staining or tetramer analysis by ilow cytome- 
try require approximately 10-fbId higher speciflc T-cefl frequencies for their deteo- 
5 tion. 



20 



Irt the firal series of experiments T-cell reactivity against all 12 deduced ML-IAP 
peptides was examined. Based on these preOminary results we also included the 
wealc HLA-A2 binding peptide ML-IAPaao besides the better binding peptide for fur- 
10 ther anali«is. The strongest CTL responses were detected against the Intennediata 
Hi^A2 binding peptide ML-IAPaao (QLCPICRAPV). and such responses were de- 
tectable in both TIL and PBL 

Figure 1 niustrates these strong spontaneous responses detected In TIL and PBL 
15 from three melanoma patients (Flg.1 A^); each spot represents a peptide reactive. 
INF-y producing cell. The average number of spots per peptide was calculated using 
a CCD scanning device and a computer system (Fig. 1 E). In addition, we were able 
to detect a response against ML-I APaso In one of the PBL samples and in TIL from 
seven patients (ng.2). IWoreover. a response was detected against the strong HUV- 
A2 binding peptide ML-I APj^ (RLQEERTCKV) in five of the TIL and one of the PBL 
samples (Fig. 2). Further, we identified reactivity against the strong HLA-A2 binding 
peptide l^-IAP» (BLASFYDWPL) in seven TIL samples and in PBL from two pa- 
Uents (Rg. 2). Suiprisingly, a response was deteded against the wealc HLAfA2 
binding peptide IWILIAPaa, (VLEPPGAfRDV) in six TIL cultures and In two samples of 
25 PBL even though this peptide were not able to stabilize the HLArA2 molecule (Fia 
2). 

Eleven of the 22 TIL samples and three of the seven PBL samples did not display 
any ML-IAP specific response (data not shown). Thus."5pontaneous T-celi re- 
sponses against MUAP was detected in appraximataiy half of the patients exam- 
ined. 

Accordingly, fragments of the IWL-IAP polypeptide was analysed for the presence of 
HLArA2 binding motifs and - after successful Identification - the fragments were ' 
used to test for specific T-cell reactivity in melanoma patients by EUSPOT assay. 
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Following this strategy, we aucoeasfuHy identified strong CTL responses against the 
intermediate HLA-A2 bindbig peptide ML-IAPaso. 

Weaker spontaneous responses could be detected against three additional peptide 
5 epitopes, the strong HLA-A2 binding pepUdes MLIAP24B and MLIAPo, and the vary 
weak binding peplMe MUAPjao. In that respect, it is worth takii^ note that there are 
many factors, which determine a CTL response against a given peptide. These In- 
clude ^lesslon level of the relevant source polypeptide, processing, TAP- 
transport, expression level of the class I MHC on the oen surface. TCR repertoire, 
10 CTL senslUvity. immuno-suppression and cytokines ^. Thus, peptkle binding to 

class I is one in a number of different factors which determine the Immunogenidty of 
a given peptide. Addlttonaily, In contrast to foreign peptides, when self-peptldes are 
expressed on the cell surface at high density due to Wgh MHC-binding affinity, toler- 
ance seems to be induced, and reactive T cells are eliminated or Inactivated ^. . 

15 

SubsequenUy. many immunodominant epitopes in CTL responses to self polypep- 
tides may frequenUy be subdominant or cryptic, rather than dominant determinants. 
This may explain the observation that many epitopes from human melanoma anti- 
gens, which are non-mutated self-polypeptides. such as gplOO and MART-l have 
20 relatively low binding affinities to class I MHC ^. Given that the efficacy of tumor 
Immunotherapy most likely depends on the avidity ot recruited CTL{&h. Perry- 
Lalley. et al. 1999 1446 /id), low affinity tumor epHopes might be important TAA. 
provided that they are able to mobilize their speoffio CTL repertoire and that they are 
presented by tumor cells ^dently enough to be recognized CTL. 

25 

The data-presented herein above demonstrate that ML-IAP, which is of cmcial im- 
portance fbr the survival of a cancer, ceil, represent a novel tumor antigen. lAPs 
such as ML-IAP carr advantageously be used for vaccination purposes as down- 
regulation or loss of the expulsion of such polypeptides (othenvise constituting a 
30 fom» of immune escape) wouM impair sustained tumor growth. 

As elevated expression of ML-IAP in cells is correlated with dmg resistance and 
therefore most likely also correlated with a shorter sun/ival of cancer patients « the 
combination of a ML-IAP-based immunotherapy with conventional cancer chemo- 
35 therapy is believed to be an eflecdve way to Improve cun^nt cancer treatments. 
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Claims 

1 . A polypeptide fragment capable of raising a specific T-ceD response, said frag- 
ment comprising or consisting of at least 9 consecutive amino acid residues of 

5 MUIAP (SEQ ID NO:1), with the proviso that said fragment is not ttie fragment 

38 identified by SEQ ID 35 or SEQ ID 299. 

2. The polypeptide fragment aooondlng lo claim 1 comprising or consisting of at 
least 10 consecutive amino add residues of ML-IAP (SEQ ID I40:1). 

10 . 

3. The polypeptide fragment according to dalm 1 comprising or consisting of at 
least 11 consecutive amino acid residues of ML-IAP (SEQ ID NO:1). 

4- The polypeptide fragment according to dalm 1 comprising or con^tlng of at 
15 least 12 consecutive amino add residues of ML4AP (SEQ ID NO:1). 

5. The polypeptide fragment according to claim 1 comprising or consisting of at 
least 13 consecutive amino add residues of ML-IAP (SEQ ID NO:1). 

20 6. The polypeptide fragment according lo claim 1 comprising or consisting of at 
least 14 consecutive amino acid residues of ML-IAP (SEQ ID NO:1). 

7. The polypeptide fragment according to claim 1 comprising or consisting of at 
least 15 consecutive amino add resjdues of ML-IAP (SEQ ID NO:1). 

25 

8. The polypeptide fragment according to claim 1 comprising riqeertclcv (SEQ ID 
NO:297)- 

9. The polypepHde fnsigment according to dalm 1 comprising qlcpicrapv (SEQ ID 
30 NO:298). 



10. The polypeptide fragment according to claim 1 comprising llrskgitlfv (SEQ ID 
NO300). 

35 
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11 . The polypeptide fragment according to daim 1 compiisii^ vleppgardv (8EQ ID 
NO:301). 

12. The polypeptide fragment according to claim 1 comprising pitaevppel (SEQ ID 
5 NO;302) 



13. The polypeptide fragment according to dafm 1 comprising qilgqirpi (SEQ ID 
NO:55) 

14. The polypeptide fragment according to claim 1 comprising Itaevppel (SEQ ID 
NO:100) 

15. The polypeptide fragment according to dalm 1 comprising gmgseeiri (SEQ ID 
NO:84) 

16. The polypeptide fragrnent according to claim 1 comprisbtg elptpn-ev (SEQ ID 
NO:200). 

20 

17. The polypeptide fragrnent according to daim 1, wherein the specific T-cell re- 
sponse is measured as more than 50 peptide specific spots per 1(^ cells in an 
ELISPOT assay perfbnned without pre-stimulation in vltn>. 

18. The polypeptide fragment according to claim 1, wherein the specific T-cell re- 
sponse is measured as more than 50 peptide specific spots per 10* cells In an 
EUSPOT assay performed after stimulation in vitro. 

19. The polypeptide fragment according to daim 1. wherein the spedfic T-cell re- 
sponse is measured as more ttian SO peptide ^edflc spots per 10^ cells in an 
ELISPOT assay perfomied using PBL from an Individual thai has not been sub- 
jected to immune therapy against a neoplastic disease. 

20. The polypeptide fragment according to claim 1, wherein the polypeptide frag- 
ment Is characterised by having a Cso value, measured as the concentration 
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(|iM) of the polypeptide fragment foqulred for half maximal binding to a MHC 
(Major Histocompatibility Comply) dass 1 molecule. 

21. The polypeptide fragment according to claim 20, wherein ttie polypeptide frag- 
5 menl Is characterised by having a Cso value, measured as the concentration 

(pM) of the polypeptide fragment required for half maximal binding to an MHC 
dass I molecule, of less flian 1000. 

22- The polypeptide fragment according to claim 20. wherein the pdypeptide frag- 
1 0 ment is characterised by having a Cao value, measured as the concentration 

(pM) of the polypeptide fragment required for half maximal binding to an MHC 
class I molecule, of less ttian 100. 

23. The polypeptide fragment according to claim 20, wherein the polypeptide frag- 
1 5 ment Is characterised by having a Cso value, measured as the concentration 

OiM) of the polypeptide fragment required for half maximal binding to an MHC 
dass I molecule, of less than 31. 

24. The' polypeptide fragment according to claim 20. wherein the polypeptide frag- 
20 ment Is characterised by having a Cgo value, measured as the concentration 

{(iM) of the polypeptide fragment required for half maximal binding to an MHC 
dass I molecule, of less than 5. 

25. The polypeptide fragment according to any of clabns 1 to 24. wherein the frag- 
25 mentis capable of activating T-cell growth in vHro. 

26. The polypeptrde fragment according to claim 25. wherein the fragment is capa- 
ble of activating T-cell growth in vitro so that more than 10* antigen specific 
CTLs may be harvested after 4 stimulation cycles starting with 10^ PBMC 

30 

27. The pDlypepta-de fragment according to daim any of claims 1 to 26, wherein the 
said fragmeitt is predicted to be an epilfqie. 

28. The polypeptide fragment according to claim 27. wherein the said fragment is 
35 predicted to be an epitope using Die SYFPBTHI epitope predleUon algorithm 
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29. A method of selec^ng a peptide comprising a fragment of ML-IAP for use In a 
vacdne composition comprising the steps of 

5 V) . Providing an Individual who has not been subjected to immune therapy 

vi) Providing fragments of ML-IAP . 

vii) Testing specific T<ell responses against figments of ML-lAP in said In- 
dividual 

vm) - Selecting fragments of MLAfiP wherein said T-oeli response corresponcte 
10 to or is better than a predetermined selection criterium. 

30. The method according to daim 29. wherein testing said T-ceH response com- 
prises an EUSPOT assay. 

15 31 . The method according daim 30, wherein said predetermined selection criterium 
is more than 50 peptide specific spots per 10^ cells in said ELiSPOT assay. 

32. A polypeptide fragment according to any of claims 1 to 28 for use as a medica- 
ment 

20 

33. Use of one or more polypeptide fragments according to any of claims 1 to 28 in 
ttie manufacture of a mecUcament for treatment of a clinical condition in an indi- 
vidual in need thereof. 

25 34. Use according to claim 33. wherein said clinical condition is cancer. 

35. Use according to claim 34, wherein Uie cancer is malignant melanoma. 

36. Use according to daim 33, wherein said cBnicai condition is an auto-immune 
30 disease. 

37. Use according to claim 33. wherein at least one of said polypeptide fragments is ' 
restricted to an HLA molecule present in said individual. 
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36. Use according to cl^m 33, wherein said individual has not pre^^ously been sub- 
Je^d to immune therapy against a neoplastic disease. 

39. A medicament for treating a clinical condition comprising a polypeptide accord* 
5 Ing to any of dalms 1 to 28 as an active ingredient 

40. A vaccine composlfion comprising isolated IWIUAP (SEQ ID NO:1) and/or one or 
more fragments thereof and a phannaceutlcatly acceptable carrier and/or adju- 
vant 

10 

41. The vaccine composition according to claim 40, wherein said composition com- 
prises at least one polypeptide fragnienl according to any of claims 1 to 35, 

42. The vaccine composition according to any of claims 40 to 41 further comprising 
IS an adjuvant 

43- The vaccine composition according to claim 42, wherein the adjuvant Is selected 
from the group consisting of Montanide ISA-51 and Q&-21 

20 44. The vaccine composition according to any of claims 40 and 41 . wherein the 
composition further comprises a carrier. 

45. The vaccine composition according to claim 44. wherein the carrier Is a dendritic 
cell. 

25 

46. The vacdne compositions according to claim 41 , wherein the composition more 
than one different IWL-IAP fragment according to any of claims 1 to 28. 

47. The vaccine composition according to claim 46, wherein the composition com- 
30 prises different Mt-IAP fragments, wherein said fragments are capable of asso- 
ciating with the most frequently occurring MHC dass I molecules. 

48. The vaccine composition according to da!m 46, wherein the composition com- 
prises at least 1, more preferably at least 2. even mor« preferably at least 3, yet 

35 more preferably at least 4. for example at least 6, such as at least 6, for example 
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7 different ML-IAP fragments each capable of aasodBting with a dWerent HIA 
molecule selected from the group consisting of HLA-A2, HLAsAI, HLA^, HLAr 
A24. HLAe7. HLArB27 and HIA-B44. 

5 49. The vaccine ocjmpositiQn aooording to claim 48. wherein the composlHon com- 
prises at least one dass i-restricted ML-IAP peptide and at least one class II- 
restricted ML-IAP peptMe. 

50. A pharmaceutical composition comprising the vaccine composition aooording to 
10 any of daims 40 to 49 and an anticancer medicament 

51. The pharmaceutical composition according to dalm 50. wherein the anti-cancer 
medicament is selected from the group consisting of chemotherapeutic agents 
and Immunotherapeutic agents. 



15 



20 



25 



30 



52. A Wt-of parts comprisihg comprising ML-IAP (SEQ lo NO:1) and/or one or more 
fragments thereof of and a bloacUva compound selected fcom the group con- 
sisting of a chemotherapeutic agent, an immunotherapeutic agent, and a second 
cancer vacdne composition. 

53. The kit-of-parts according to dalm 52 comprising one or more polypeptide frag- 
ments according to any of claims 1 to 28 

54. A method for treatment of an individual diagnosed with cancer, said method 
comprising the step of administering to the individual the polypeptide fragment 
according to any of claims 1 to 28. or the vacdne composition acording to any of 
claims 40 to 49. or the phannaceuticai composition according to any of daims 
50 and 51 orthe kit of parts according to any of claims 52 and 53. 

55. The method according to daim 54. wherein said indivMuai has not previously 
been subjected to immune therapy against a neoplasflc disease. 

56. The method according to dalm 54. wherein sakJ cancer Is maDgnant melanoma. 



81 



11/04 '03 11:31 FAX -1^45 33320384 ggLl£EBfi A/S PATENT-OG VAREH« Q082 

P734DK00 

80 

57. A method for prophylactic treatment of an individual at rtek of developing a can- 
cer, said method comprising the step of administering to the Individual the poly^ 
peptide fragment according to any of claims 1 to 28, or the vacdne composition 
acording to any of claims 40 to 49, or the phamnaceutical composition according 
5 to any of claims 50 and 51 or the kit of parts acording to any of claims 52 and 

53. 

68. A method for raising a specific T-cei1 response against an epitope of ML-IAP 
(SEQ ID NO:1) in an incfividualt said method comprising the steps of admlnls- 
10 tering to the individual a polypeptide fragment according to any of claims 1 to 28, 

and raising a spedfic T-ceil response against an epRope of ML-IAP In the indi- 
vidual. 

59. The method according to any of claims 54 to 58, wherern the methods com- . 
1 5 prises admmistenng one or more polypeptide fragments according to any of 

claims 1 to 28. and wherein at least one fragment is restricted to an HLA mole- 
cule present In said Individual. 

60. An antibody rapable of specific recognition of a polypeptide fragment according 
20 to any of claims 1 to 28. 

61 . A method for activating and expanding T-oells spedfic for ML-IAP or fragments 
thereof comprising the steps of co-cultivating Th^IIs and MUIAP or one or more 
fiagments thereof* 

25 

62. TTie method according to claim 61 , wherein 'ML-I AP or fragments thereof is one 
or more polypeptide fragments according to any of claims 1 to 28. 

63. TTie methods according to any of claims 61 and 62, whertin the method com- 
30 prises generating and loading monocyte-derived dendritic cells (DC) with ML- 
IAP fragment(s) and co-cuitivating said DC and periflral blood monocytes 
(PBMC) comprising T-cells. 

64. The methods according to any of claims 61 and 62, wherein the method com- 
35 prises generating DrosphUa meianogaster cells expressing one or mora different 
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HLA molecute, loading saM Drqsophlla mBlanogastBrcetts with ML-IAP frag- 
ment(s) and co-cultivating said DrosphSa rails with perifirat blood monocytes 
(PBMC) comprising T-calls or T-celts purtfied from PBMC. 

65. ML-IAP specific T-oells obtained by the method according to any of claims 61 
and 64. 

66. T-ceils according to datm 65, wherein said ML-IAP specific T-ceHs are cytotoxic 
T-cells. 

67. Use of ML-IAP spedfic T-cells according to any of claims 65 and 66 for the 
preparation of a medicament for treatment of a clinical condition in an indiwiual 
in need th^eof . 
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